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Thermoplastic vulcanizate material or TPV is a type of material exhibiting excellent
properties between thermoplastic and elastomer. In this study, the blends containing polypropylene
as matrix phase and natural rubber (NR) compound as dispersed phase was melt blending in an
internal mixer. Rubber phase was sulphur dynamic vulcanization during melt blending. It was evident
in this study that mechanical properties and morphology of samples was dependent upon blend
ratios. Tensile strength was found to be increased whereas elongation at break was found to be
decreased with the content of PP. The rubber phase dispersion was the key effect on TPV
mechanical properties. The present of rubber phase in PP also obstructed crystallization of PP in the
blend. It was found in the second part of the work that the properties of the TPV were improved with
well dispersion of rubber phase in TPV.
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2.2 mesTuwaradndmalames (Thermoplastic Elastomer)
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auiaveaneaos lne lviauiiavesdara Iames U 1FNTZUIUNTNAALUUINDS 13
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2.2.1. mswaudsssua (Simple Blend)
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' { da 9 ) o { o~ )
Tujoz laanui@min (interfacial area) UAZWAIIUNUAD (interfacial energy) 1UN1
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2.2.2. szuumsan s lawnding (Dynamic Vulcanization)
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particles particles

Y v [ a 1 @ 4 a J
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12

Stress, MPa
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Y Y Y
o w v a ' ' o v A a 4 a
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2.2.3. marinilavesmsiuaud (Blend compatibilization)
Y 9 Jd o @ o Ay a @ a J J
madiuldvesmswaud Wuilsdendnidesinsanlumswannwedwesiuaua
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George £ al., (1990) [21] 1&Fpp s IFmsiiuanmdniuld Taswuiinsld ph-pp
wvlfuljsduduguinn aniaawialndaadnuazauimFeng veaneamesiuaua

J { o 1 (A a 4 s J
524319 NBR/PP 18@3187U 30/70 WUIIAIAMINHHAYDIND AN IUAUAN 1Y Ph-PP 929N

A 19 ¥ I aaa A a 42‘ 1 a cfz a A
ﬂiﬂ‘l‘ﬂhlhslﬁlf IﬂEl!ﬂuﬂgﬂiEﬂ‘mﬂW’lluigﬁ’JNW@miﬁl‘iﬂ\iﬁ@\‘i%uﬂﬂ@ NBR 1l PP

OH
CH,0H
HOCH, CH,0H Hy0 CH, 5
Lewis acid
R
dimethylol-phenolic compound quinone methide
1 1 OH
Po ypropy cnc!
) cH, c;*c_ cH, CH,0H
I o
(-\0 CH Phenolic-modified
R polypropylene
CH,0H i
/NER
OH
CH. L, CH2,_ ,CHyCH
~ ey CHy— ¢ 7 NCly— cHy i Ney =
e
‘“ﬁ CN CH--CHy
? compatibilizing block copolymer

oH
or —cH, CHZ—

R

d' aaa A a dg’ = a 4 4 Ao 1
s [ dnseninedulumsiaIounedwesuaudues NBR/PP Noas1dau 70/30
Tagldwoansonaunaaulasluanadie lawnnaoailueanissu (Ph-PP)

I~ Q' [
Wumsiuanudnu'ld [21]

v Y Y o wady
1

4 a 4 A Ao A 1 YA = =
MIUAUANDANDTHDITVUANUANINANNLUANAINNU mmﬂu"lﬂmmzamw AV

o & 9 9 add o A 1 A ] A 9 o o'z
%mJumaﬂ%ﬁ13mumﬂumwauﬂ3z’mu'iz‘ﬁ3NTaJ!,aQaﬂuﬁuﬂﬂﬂ%umﬂnﬂuweamaﬁ‘VN 2

Qa

a { o o 1 [ A Y] .
yiia'ld Senasninlyauludavazdnarinduansmivanudduld (Compatibilizer

=) vy eqe . 1 a S a 1 o Ao 9
1130 Compatibilizing agent) (YU wamawawﬁuﬂmmwumuummmzﬂaﬂmaqama%

wnnaaeaueants¥u (Phenolic modified polyethylene, Ph-LLDPE)
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& a a J
2.2.5. msmlsgimesiunaradindaralaes
A J a a o'doall 1 A < 1 A
(HBI9INNBT Iunaraandate TamwesUiaa M NUANUUL (Hard segment) Loz IUN
= A ' 1 Aa <3 o Y A A | A
UANUBAYEGU (Soft segment) dIUNUANUUATIMINNETRMIIUYAON THaN1IMENIN
(Physical crosslink) vo9a1e 13 TuanalingAnssuneudusIRpaMINIIAGOUHOUEN LA
= v A a o a a J a o A o a
YULAYINUNYUNYIFIE) M3 lunaraansara lawesszilszngaduniewmes lunaradn
o Y ) Aa ax d?’ J a 9 o o a a
Mmlvensadunaiaismsvugidveaunes luwaraanunledumsulszimes luwaradng
analawes 14
o a a s 1 =\ a
mos lwwadandana Tawesnegluaniizrasy (Molten state) InnAnssumslvia
I a = . A A a J 42’ Ty W =
Wusuvueutiilatieny  (Non-Newtonian) ADANUHHAYBINDANBTVUUBYNUDATUROU
A o A ! & a A & o s
(Shear rate) NoATURDUGS 15U TunszVIUMIVUFULVURAUTOMIVUF ULV BIENGN A MBS
a A J 0
Tuwaraanoaa Tawmesvz Inaldamazlianumiiad

wmos lunaaanoaa lawesamnsntinduun g v ldnasmnmsulsguda 1asn

& A 1T g 9 A 1 & A A 1 ] P 1 o [ Y n 9
maa’;nﬂuma@aﬂamwmmwuaﬂ’nmnam”lucmmm“lmmmmmﬂauuﬂﬂﬂwﬂﬂ

2.3 enasssuana (Natural Rubber) (3]
A I~ Ay ¥ v o . =
gnsIsunadInmiuesi ldnndueansia1oWug Hevea Brazilliensis iy
[ 9 v
Ifthatidusuiannguuaiheomyeulunidowimia asuldidiwnlgninidglsduas
S A 9 9 dy a 1 g] a2 KR A
1By 1H19IINAUINNITFOUBINMATOU FU AUV TI0 sz11ehd Jedentgnuinund

E
sz Tueanaeeld saunamald uazmanziusanvestlszmalneg Tasluilszmealned

{ ! 3 Y ' { 4 @ Y & < a
wunlgnoneisduilszne 12 dm'ls nszneegluiium 18 Sanda Fedoludnanerans

U

A :’ A A 9 Y A o = 9 = dy Y

5181Wﬂluﬂq@ellﬂﬂiaﬂ mﬂnﬁﬂ‘wﬂiﬂllﬂi]mm&EJN3Jaﬂ}szﬁﬂlnﬂmuazmu@mum& (dry
Y Y F2 Y
rubber) szinmiosaz 30 Tawimiin nvauaseegluih Usuuveuilessiuiuriave
4 A A ) a ] Y 1
‘WL!T; i’ﬂq Llagﬂ@‘ﬂwﬂﬂﬂﬁﬂfﬂﬁ Iﬂfﬂ/]'}]]’lﬂfﬂ\i‘ﬁ5511351@]ﬁ11115ﬂl!ﬂ\19@ﬂ11ﬂlﬂu 2 Eﬂllﬁﬂiﬁﬂf]
Y 1
1aun
09/
2.3.1 169 (Latex)

¥ Y v Y v v
wiognmhieaan lauanmansaduenaidsuanihnunnuly liwangnezaill

a I Aa o 4 v o 9}@9} A 1 Y 1 o a’/‘ KX o 9 o oy a2 Y
wasurann N !Lﬁ$fJ\‘]“I/I']GI,ﬁﬁu&ﬂa@ﬂﬂ’ﬂ%%’]ﬂi‘l!ﬂ'ﬁmuaﬂ Aaiuas 1 uae e la

v 9
%

9 U v 1] Y b4
i hiunszuaumsilumies (centrifugation) roaadsuiailniieas sunszieldi

Y

Aa (A y A & ] 2 v J v A 4 PRIV S
fJNVIlI‘iJﬁJTﬂ!fJNLLﬁQLW?JGUUﬁHﬂi’E)Elﬁg 30 L‘]JLliﬂfJﬁg 60 Tﬂﬂuﬁduﬂ LifJﬂ‘L!"IEJN‘ﬂulﬂu'J”l U1

1 4 g} a d 1
#1991 (concentrated latex) teiti{ea91n 111819l asouNs da1ae) 151 T1lsau uazloalul'ls
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o\ v a I % a 4 1 Y v
@ (phospholipid)  weruegluilsuananios sasounsdmariianingniosdalsnis

9
A

a =4 A dy == 9 I [ a 1 ] (4 4 J &Y =\
1Woaun3d viieeuuniiie Taidumasiaa1e 1y Mamsvou laoon laa nMaiimu
A A I~ 4 o 3 g’ = ] 1 A < 9
wioasdsznouiil luTasnuiuesdlsznou duiu iheedssnsoyanhdanaumiiu1g
=K 9 =1 a =1 A 9 = 1 [ dd‘ d' ] [
esimaanansuen Tuteoasll oo lguen Tuiissuduasaione osesau
g’ < oy { A a s 3 4
anmvoieatu iy 13 1duu heidulsuauey Tudlodudude 0.7 osiFud
~ ' . . J A a a Ay Y A
(50N71 high ammonia latex (HA latex) ttazihensi@usunauen Tutoduduiies 0.2
- ~ ' . A oo & Y ' AN Ay '
1o51FUA 32158191 low ammonia latex (LA latex) 9nnasuiluaoslaarsaioumnuaie 1yu
S I 4 A 9 a LA~ o I 9
ZnO/TMTD 0.02 11)o51%ua vse l¥nsauesa 0.2 1Wosigsua 1ludy
Y
2.3.2 erania
Y = 9 o g’ A A 9 a A 9 3’ v o @
gruamson Idanmsinienaannia lduuaunsa e ldoymmihesdudanu
I I [ g‘ 3 2K o 1 dy Ay A‘ Y] a dy
Wuaead awsnd191n11 9101U3991Ms lannususona1ntiiosd istlesdumsinaiesi
Y A 9 1
oaunalivategduun 1dun
2.3.2.1 enausiv
' < ° Y Ay Yy v vy A A Y o Y 9
g1aur S umsiiienaedan 18 s aldiundudieniossa udairlvusda
o A & 9 A ' A a Ay 4
Tagmstinldanuaansonslusimasoume lanuay Tagisenenan ldannszuiunmsil
2 onaudulisuadu (Air dried sheet, ADS) w3ewimiteaudui 14 leusuaiuden
QNN 60-70°C 92i30n11 019UHY
2.3.2.2 srunsw
< { by 4 ) )
sransvl ifuereildninmsinemenslSalunTowunsl (Creping machine)
9 Y o Y gl A A 1 = qg/, 2K o
wieudumhanuazoias s o IdIanlsnesnainea lusznianssa mniudaitll
£ Yy v
waan st
2.3.2.3 er9un
' y ) o o Y < Yy Y 9 9
gnaund ldanmaihesniududewdnguazenlduiedreenmadon uas
) Y] I~/ 1 [ =\ c; 1 [ d' ]
i lddatluuns sraunsszliaunimaduanenersurunaze1aasv 1103910k IUNS

F4 ] 1 v v
NATOVUAZIATUNOTVTDINUAINAINUANITING Fannsannndsmnadanisniitiog
Tuene Tadszmalnelinsfruauns§Iue1ana¥u5enan Standard Thai Rubber (STR)
% d'

AT 2.1
2.3.24 srunsaiiiniumidansiinieenrs CV (Constant Viscosity)

A Yy A 2 gy 4 2 & a4

iiesnnereuduilomnu Iiiuszeznaiuiug o195 uudadiu (Son

o J ' 8 4 Y a [ 4 i~
1513811191 Storage hardening #91/51ngM58itiiAAIINMYOAA 197 (aldehyde group) T



18

[ a o Aaaa ] [ a I AaA 4
pglusnsssumad lldulgasernruuiuswnadulassadeawdaniiniggonTog
1 % 091‘ =2 (% = 1 a =
sevinealwanavess1s aadudedlesdulasnisarsinil 15u leasendaariiu
oy ' a 4 [ [l a 4 Y o
(hydroxylamine) a4l liiesneumsiaunsa ietlesiu bildinalsingmsaiil ldens

Ay YA A A oA S @
‘I/]U],ﬂilﬂ'lﬂ’)'lllﬁuﬂﬂ\‘iﬂ llﬂlﬂaﬂullﬂﬁﬂﬁnﬁgEJ$L’)€1'Iﬂ1§Lﬂ‘]J‘§ﬂ‘H1

M1 2 nesgrueannaved ing (Standard Thai Rubber, STR) [3]

v . STR STR STR | STR | STR STR STR | STR
UBNIUUA
XL 5L 5 5CV 10 10CV 20 20CV

Ysuudsanilsnimaoeguu
, 002 | 0.04 | 004 | 004 | 008 | 008 | 0.16 | 0.16
Fouu1n 44 Tunsou(maxvewt)

Usanaud (max %wo) 040 | 040 | 0.60 | 0.60 | 0.60 | 0.60 | 0.80 | 0.80

YsunaTulasou (max %wt) | 0.50 | 050 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60

Ysunmensszine 1R (max %wt) | 0.80 | 0.80 | 0.80 | 0.80 | 0.80 | 0.80 | 0.80 | 0.80

A1 Plasticity 15u@u (P0) (min.) | 35 35 30 - 30 - 30 -
f Plasticity Retention Index
60 60 60 60 50 50 40 40
(PRI (min.)
a (Lovibond scale) (max.) 4.0 6.0 - - - - - -
ANwwiayuil ML 1+4@100°C | - - - * - * | e
v
W | s 17 iteN
- . . g M
QU | Wey | W | uu 2 | uu TRy
. 4 , , 2 VUNY | y TRy
FU0UATOINNY STV 00U | 99U | WU W w| o
2 - U1 v WU
Wy A7) Wea | v
‘ IGH
M 20U
Fvoaruildu Inaensauy M | v | v | M M | N
. yla | vnla
(LDPE) A 19vi0ea la la la la la la
. o M | | v | | M | |
Fuowau Inaensau - - - - -
e e | e nu N | Ny

*70 (+7, -5), 60 (+7, -5) uag 50 (47, -5) ** 60 (+7, -5) *** 65 (+7, -5)

2.4 Tassadaveaenasasnana [3]
and aA A a ~ . . o =
PNBITNNATFOMAUANAD Far 1,4 Wod 1o Tsn5U (cis 1,4 polyisoprene) Han 1M 8

nandoluluanariy 1 TuwanasvdsgneudionaevesleTeniu (cH,) detuiluas
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Y

Y o a A o o A ' ' =
YNV ULTUAT Tﬂfmthﬂfm‘ﬁﬁm‘aﬂmzuumuﬂmaqamaa@gimm 200,000 94 400,000
9

]
=

9
HasinIINTE8AIV MM Tuananndann 81953 TUNANANURUIUUMINY 0.93

1 o
A

3 ~ a = A 4 Y ..
g/cm NnYUNu 20 C uazuqmwﬂmmmﬂmﬂaﬂuﬁmuzﬂmﬂum (glass  transition

@

temperature, T ) s -72 C

__CH2 H2C__
c=c
/
H3C H
- -n

a Y a
mi 8 gas Inseard 9enesssuena

25 an@mlivesenssssund [3]
anwdangu (Elasticity) auwiiaduanudanguiudnyauziauvesnssisumni Tag

aa Y =\ A 1 A o w
EJN‘ﬁiiiJ"]ﬂG]‘Vlﬂﬂqi]ﬂLm?]i]gllﬂ’JnJEJﬂ‘HEJLlE:N Lllml,iQﬂmu@ﬂlﬂﬂizﬂiﬂﬂﬂﬁ‘ﬂuﬂqﬂ YN

LSS TR R A SIGEA TR TEIY

~ A o Aa A vas A Y =\ A o &g
AN HEYINAN T (TaCk) YNWHITUDIN llﬁiJ‘UGlﬂLEJEJlJIUﬂWHﬂ'JHJLWu&’)@]ﬂﬂucﬁﬂlﬂu

A o W oA ¥

Y
= = @ [ a i ¥ Y [ 1
auIAd A YVoINIHAANAAN BN NADIBIAEINTUTZNOUTUAIUAINS 1R8N 15U 81980
7 o Y
sooua uau
aunumusiousiad (Tensile strength) iiesan Tuanavesenssssumnaiianuwiia

0o g ¥ a =2 Yy A A & = Aa 4 ' A v
ﬁ\ﬁﬂ']GleJ']\‘]‘ﬁiﬁiJGIﬂ@]ﬁ']iJ']ﬁﬂﬁﬂWﬁﬂvlﬂ\‘]']ﬂlll@ﬂﬂﬂﬂ FINANNINAVUISBIYLFTTUAIINAIY

U U

< Y o [V os/‘ AR A [ = 1Y 9 ]
udansalinuens daiu ensssumalealimanunumuaeussasgannlaelideldasaa
BT U152

anunumuaemsanvia (Tear strength) iifesainenssssumndamnsoannanldiiie

Y
v W aR A a

9 v
gnia AN 81955 5UNATANUNUMUABNTANVIAGIINTIN UM TR oAz QU Y]

@

a v A a < ] o 1 ] ¥
(ap ﬂ?imllfﬁi@’lmulﬁﬁNllﬁﬁaﬁklﬂﬂ‘ﬂgﬂﬂﬂﬂflﬁ}ﬂTﬂ’JTIJéI}THTI"Iu@]f’)ﬂ?iaﬂﬂnﬂﬂlf’NﬂNQ\iﬁu

[
vaaAA =

awtiadzenaia (Dynamic properties) enasssumatiamimdanaiang ensdinmsgade
@ Y o ' Y dy Ay A 9
wasnuluglvesnnuseudluszninemsleau uenanil e19sssumAGINANNAIUNIY
1 Y . . A F)
ABN1301 (fatigue resistance) NFININAY
Y U o - H as 9 1
anumumuaensiag (Abrasion resistance) enssssumananuduNILABNS

[

A = = 7 [ s a A
VAP L‘JJE]L“]J?EJ‘]JWI?J“Uﬂ‘]JEJ1\1ﬁ'\1Lﬂ§1$WGI$uﬂE]uG]
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anwilunuan it (Insulation) eresssumatinmdunuinIvihgaunn Taoiia
anudumu Iihsumeg (specific resistivity) g9ie 10° 159 10'° ohm.cm

anunumudeveanauazanai (liquid and chemical resistance) iilesain

Y
[ Y a o

J a g J =) 3 =3 Y @
@Qﬂﬂ‘i%ﬂ@ﬂﬂlﬂ\iEIN‘ﬁ‘iiﬂJG]SW]Lﬂuﬁ'l‘illﬁliﬂiﬂTiU@uvllllleU’J ANUU EJN@‘U%\?@ZﬁWEJUlﬂﬂGlu@’WH

Ay 1a e ' ~ 2 IS 9 g Y
AzEeNn luUI I¥U IUUSEU LaNLEH uaﬂﬂgau nJu@u mmmmmﬂlumiazawmzaﬂam1

paRamsnaztl nmsivonTeemandvesTumanaiaiiuasssaheauidalussasg)
v ldavenszuaumsazatevesens ennasglivissananisuavarludaiazaie
AT HAB199E AN TONUMI A DY U AT 1T 02 F 10y WiouoaN0Eed
yenIInTiTNSim I anudensatazaaiene14a udlinudonsalunsnuaznsaiuzdu

Y v
NIPNAINE!

A

msidevammiiosonanuson lo lowy uazuaaung (Aglng propertles) 1103910

Turanave1esssumnatnuszgeguin Mlnesiedhaemsilgasenuesngiou Tasl

A 9 I @ v Aaaa o 3 Aak a SN Y dy
ueauaanIenNuiowiludus W nTen AuiueNsITumAvIgnoend las lad1e uenvind

Ao 1 1 A A Yo I a
8195330959 lunuae To Taumsziliossgndanas 15 To Tawilunaiiug aznases

3 o { a § a a 09// v A @
HANVAANTILININNAYT AN TUNAMI IR INAUTAM 19N 8AAI¥8 3819

mnvineeiigungie (Low temperature flexibility) enasssumadanssnmeannidanu

a

A ' A o Y v o
Elﬂ‘ﬂquﬁﬁ@ﬂ?1hﬁ1u1§ﬂ1uﬂ’li'ﬂﬂﬂ@ulﬂllilﬂqmﬂﬂllﬁ'm'lﬂo]

U

] Y
1 U o w A a

msguan (Compression Set) sssumansmsguanAeudsdanguugiiteuas

Q U

9 [
=3

garglgaunan uaNgurIA 11955 TUMALTAINTYUINNGITY 11938190 10AANS

'
= o a = a a

anwani lianudanguusserasugapde’ll vnzNilegungiigeenssssumane linuae

U

9 = a A ' =< =2
ANVTOU YIUNAMILTONANIN AINTYUINIIGIVY
54 il a va Y

msnszaanszaou (Rebound resilience) enssssumaniautiamsnszidinszaougs
vazluszriemsnlasundasgilsn envzgudondsnulugldvesnnuioutios o1a

ak A 9 t; d‘ 9 a [ a dyd d' 9 a
53umAINANNTOUATaNd tiagn Ivu ludanads ensialivuninznezlylumsnan

a [ PR [] [] A 9 A a 9 A 9

paanaainduva g (U195 DIINN HI081900IATEIUY INTIEHIN1FE19INNANNTOU

< o Y a a Y
azauganovi lieunamsszia lade
. A { a ngJ 1
gaungiinis 19a7u (Service temperature) enssssumndamisaldauldigungidaue

= ° ' <3 I YA Al a 2 & o Y
559970 C ’E’JEJNUliﬂ@'I”IiJ ﬂTﬂLﬂ‘]JEJNUl’JVI’EJiMW{]ﬂJ@nu"IHG] EJNfﬂi‘ll,ﬂﬂﬂﬁ@ﬂNﬁﬂ“b’\Wn(lWEJN

q

[ tiy = A 1 1Y Aa 9 a wAa A 1 I Y
mlwuuazqw)mﬂmmaﬂﬁquqﬂ LW]ﬂWQNﬁQNﬂTﬁi%QTHq@LﬂHqﬂ AUUALBINAN ) NITADY
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aviesninanwuiouszsh ldenanamsdenanin lumsesngasnauasialiorsitiuzay

o
1 1 a =

pnsIsumaoannsaldnuldeddeiiiosnguvglged 90 50 100 C
1 < a o A o W 9 A =\ va A c'. @
a4 lsfay enaudinativasinalunsldan iWesnnlanifmanad nazdanyus
~ 1 = d? 1o ~ a ' A ' v
namen i liadesyuegiumanlasumlasnlasguvginn  nannestazeouduay
= Ay yo ¥ 1 < A A ¥ & ¥ ¢
miteuie lasuanuion uavzudulszlogungid  dremgiimsldlse Teminine
o o Y = o a1 1 o @ 1 o o [ I~ Y
$Sufludeslinmsnauennuasaiaee Wy Musdy Huvnd uazasans e iudu
@ J { o 4
WAIINMTUANAY GNHAUNTOE1ABUNIIA (Rubber compound) 1dazgniirlangillu
ra 4 9 9 [ dyd 1 [ o . . d‘
wiiusineldanufeunazanudu nszurumsitend Jaan luedu (vulcanization) 8197
[l dg} dy = J A . £ CZN = ydy
FIUMITUUT 92158091 “019gN130019A931) (vulcanizate) Geerntidvetannagilildtiag
= [] d' a [y = vAa A dd? a o 9
des Tunlasuwlasaugungiinmin sazlani@wanadvu enesssumnagnii sl

MINAANAAN IR WINNY

26 msimldenssssumdamsnagy [4]
i ldenasgluienldensgn Ao mailderunalfnsonsonlosszrieae
A a 1 aaa [ % a g ] aa v a
Turanausefisuni1 Ugnseriant huwdu Madlulassadienvie 3 97 dewalderaianis
= 4 9 ' = < a <3| A A A 1 3 =
nasuanmanaeuteeu lanuiuwaradngs liluennlanudandunasndanse i

va Aa ~ = lg (Y = a Y] o Y 1
’dlI‘UGIL“]Nﬂ'm/]l’ﬁﬂEJ‘ilm%UlllGU‘L!'E']Qﬂ‘Uﬂ'l‘il,‘]Jﬁﬂullﬂﬁﬁﬂl@ﬁqmﬁﬂ"MNWﬂuﬂ Lgazﬂﬂwmmum

Aa K

A A Y} Y 1 = ° Yy Y 1
ﬂ15lﬁﬂ1]ﬁﬂ11"lluﬂﬁﬁ]1ﬂﬂ’ﬂllﬁ@ut!a%tlﬁﬂl!ﬂﬂqﬂﬂﬂ VU mmmmmmﬂﬂcl%"l%mﬁ

A Ugseriam lusdudesordsasiniinguiinlfersnsgy (vulcanizing or curing
9 A o Y @ J a aan Y
agents) tazANwFeuieh Ideansaenanaunsanalgnsen’la
26,1 szuuihieneasguaaesuedu (Sulphur vulcanization system)
< dq 9 9 o S v 12 o .
Wuszuunldedranievanvensid assadanieTuanaliduda  (unsaturation)
dyo IS Y = o 9 . ] a 4 A A ) o
szupiisuiludesiiansdinszdu (activator) 15U Fedvonled uazniamAosa dmsuans

o 1

Aaaa [} A Aa A [ < a Aaaa
d1391§0501 (accelerator)  vzFr0NIYsTANTNMAZTAT U WEIMsIIAY AT oA
(YA ' o v v @ ' o w 3 v o a o
dadruszninms e dutvmsansdianudngmsziudsimuariavewiuszinail
A a dgl 1 9 Y A o o Y v L ~ 1 .
mnavw iy 0 lslsnadiweduunnias 1sansdaus wee (380152 VVTITUA1 (conventional

. . £ A o = a o 4 . 19y 9y

vulcanization, CV system) @39z iusziniinuunodda lia uazunuianay (cyclic) uaa1d
a o Y Y ] @ 1 (S @ J

Psmudwegdudosnazldmsans wnag laiuszalidmInadununTuTugalvd Son

Y
sEUUHNTTVVYsEaNnFa N (efficient vulcanization, EV system) U8n910 2 FEUUAINANGIN
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= £ ' 2 a a . £ 1 % '
DNITVUHUITINI T2UUNIUTZANTA N (seml-EV system) FIVLOYNINANITLHIN 2 TUD

9 Jy A Y a o [ 1w a @ '
VNAU ﬂai%ﬂimmmmaummuﬂsmmmimm

52U EV A1 x 929U 1 139 2 (mono- or disulphide)
52UU CV A1 x vzgaaaulvgiodlurae 3 04 8 (polysulphide)

~ % s A A Y o @
HNNN 9 Wu‘ﬁgmﬂﬁ5'E)ﬂ13LGIﬂ’J1]IEN‘U@QﬁTEJI?JLﬁQﬁEJ'Nﬂ'JEJﬂ']N%ﬂH [4]

(] < o =\ Aa o 4 Y A A vAa A = 1 [ 1
’f)EJ"NUIJﬂ@']lJW'Ll‘ﬁgLﬂ‘JJLL‘U‘UW@ﬁ“]fauh"lﬂﬂ$Glﬁ‘(’J"I\TVI'JJﬁuﬂﬁlcﬁﬂﬂﬁﬂll@]"lﬂﬂu@]@ﬂ?lu

v
aA o

Fourtloannusy S-S iluiusen liuduse TuvazfosniwuszuuuluTusa lng wiela

[} 4 wvAa A { 1 1 1
da'ligd a2 Idamiaimainandosni uaeaziadesnonnuioulaa

262 szuwinlivinegidaemsiseneviiaareda lswedu  (Sulphur  donor
vulcanization system)

Y o v g Yy a N A o Yo
ueﬂmﬂmﬂ%mmmauuJumsmgﬂum ?ﬂiﬂigﬂﬂ‘ﬂ’ﬂuﬂﬁﬂ‘ﬂﬁa'lEJGI’JGlﬁﬂnlgﬂu
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madaiiuur TduiTuanaveserwazunsmd Tl luszegviesgninegugana lavios
] Y 4
1H10I0INNAYDIANNTTIVOIFUTANG
<) Y a .
2104 mzmFeuaaomainmsrasmmnad (Melt compounding)
a dyd a J 4 J 9J A Yo
madatiflumswauwoawes uazoosunlunad meldusunou uazlasuai
@ A ) 9 a 3 aay Yo v o [ J a
mandannigalunmsiillldauesailuds 1dsumseensudmividgmes lunaiadn
a 4 v a 4 a
wTunounoda 11090 1NNUIMT IR UIA QUUYN TUMIHANIMBS TUNAITANAINITD

@ va Aa o a { a 4 4
YsuilgsauiaFnaveanes lunanadnasuusadaeeosiun Tunad

Y

av aa
2.11 sm3seninedos
Joy K. Mishranag aag [18] ldinisAnuianiianiaques  TPV/organoclay
. y . . . . g - X X
nanocomposite Tagly maleic anhydride functionalized polypropylene 11l compatibilizer 9%
@ a < Y
mqﬂﬂumﬁ Weriu Polypropylene (PP) N Ethylene propylene diene terpolymer (EPDM)
o . { I J
TagMIWaNAI8 Haake Rheocorder mixer 01 190 °C tag 50 rpm 111321 10 1A wun i
(% [ T @ 4 o 1
aﬂymztﬂu intercalation DY NFALIY !ﬁ@‘ﬂ']ﬂ?ﬁﬂﬂﬁﬂlléljﬁﬂ XRD uag TEM Tﬂﬂiuﬁ?uﬂl@ﬁ
va A 3 J 4 a [ 1
autATINavziuINLeIMIIAY clay 14 TPV nanocomposite tHed 5 wt% aawaliian Tensile
v 9 ]
modulus HANNVUUDI 97%91n7 1T A151AY clay 1agf1 storage modulus U nanocomposite

v 9 ]
a =2 A

S ~ o A 1 a A ~ A .
i]%iJﬂHWiJﬁIQEUUHJE]W]EJUﬂ‘LWIullliJﬂﬁmiJ clayng‘ﬂuiﬁuiﬂ%qﬂﬂﬂmﬂﬂﬁﬂﬂﬁﬂﬂ dynamic



32

mechanical analysis NN glass transition temperature (T,) Y89 EPDM phase e lifing
d' A 1 = 12' é’
nlasuulaana luaauved PP phase 3z ANy
C. Nakason tazAae [16] $1M5ANEIBNENAVY0ITLULMS vulcanization AOENUAV
{ I
Thermoplastic vulcanizates MA3INIINMITIVAUAAIY epoxidized natural rubber (30 mole %)
] o I
33UNY polypropylene Tag 1y phenolic modified polypropylene (Ph-PP) 11l compatibilizer Tu

a

S X o { {
FEUUMSIIAUA FINIHAUAI01AT0Y Brabender Plasticorder Ngmuuqil 180 °C Taglums
Jg Yo 1 o 9 . . 14 @
ﬂﬂﬁ@ﬂhlﬂi‘lfﬁﬂﬁ'JUﬂﬁWﬁMﬂlfN ENR/PP nJu 75725 LLﬁ$1°I)"§$‘U°UﬂT§ vulcanization A3¥NU 3
YUV Ao VY sulfur cure, peroxide cure 1182 mixed cure (sulfur 32NN peroxide) WU A
final mixing torque, shear stress, shear viscosity, tensile strength L& elongation at break U84
A A . Y1 A 1 = 14
TPVs “I/]L@]ﬁfJ'JJIﬂfJﬁ$‘]J‘]J mixed-cure system ﬁ]gclﬁﬂﬁﬂq@ﬂ’l'lﬂWiLﬁifJiJﬂ'JfJﬁg‘U‘U sulfur Qg
peroxide-cured system Faluszuy peroxide-cured system Tuseraems shearing ﬁqm‘ﬁﬂuﬁ
Y 1
Tmaqamm PP 92IAA B-scission YU HI9LVALIBONTNAVDINIFIAA dynamic crosslinking Tu
ENR phase Ml luszyy peroxide-cured system 921411 final mixing torque, tensile strength,
elongation at break L1@¥ shear flow properties ﬁﬂ'Whﬁq A 1Az U IUSEUU mixed-cure system
{ : [ @ 1 @ 1 a A
MIUTLVUNTIHAUTINAUTZHIG sulfur cured MU peroxide cured I WUITTONTNAUDI dynamic
. . S 1 a . [ osj =X A 2 d‘dd’ a2
crosslinking UNANINNINITINANIT degradation Tu pp phase ANUUWUANUAAINANGA 0N
9
MIGINVNITZVUMT vulcanization A199) ¢ l1ilinado hardness properties Li1¥ solvent resistance
Y99 TPVs luaiuvesauiiaaiu morphological properties wenunluszuy peroxide cured
Y . . Ad A £ = va A A
system vz IivuIaves dispersed vulcanized rubber MANNTA FIAITICNAUUALBINANAN
qANAII0INIAAMS degradation 11 PP phase dalanianugiga uazszuy mixed cure
system HUUIAVDY dispersed vulcanized rubber ﬁiﬂﬂjﬂ’hizuu peroxide cured LAZITUY
sulfur cured system UVUIAUDI dispersed vulcanized rubber ﬁcl‘i/iiy:ﬁq f
o a a @ 1 J
C. Nakason tagae [15] 1/1']ﬂ1§ﬁﬂ‘19ﬂf]‘1/’|‘ﬁ°l/‘lﬁ"llf]\i compatibilization, TATIUNITIUAUA
UAY cure system U®Y natural rubber (NR)/high-density polyethylene (HDPE) blends AR
NICUVIUNIT Dynamic vulcanization ¥9911A1540383 TPVs A28 Brabender Plasticorder W11
o ' o { o o eqe ! i
LNR compatbilizer 3¢ linaasmalanlumsimiiiidlu compatibilizer @34 TPVs 714 un-
modified phenolic resin (SP-1045 a8y HRJ-10518) 1A tensile strength 148% elongation at
d?} 1 . Ao ' Ay 1A 1 vt eae &£
break fIVU UALAT tension set UAININIT TPV Alusinmsld compatibilizer Fuiluna

11091191 M3NATATIAS 19999 Chroman ring 91NMINAYHATE1WEI NR U Phenolic

molecules @345 1% modified phenolic resin (PhSP-PE %30 PhHRJ-PE) A compatibilizer ¢
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9 ) X
19481 tensile strength 118 elongation at break ga¥uiilpsaInmsnanssonloaszrineluana
Y94 NR 11 HDPE d4wal¥in1 tensile strength 119¢ elongation at break qﬁqmmmﬂﬁ’
A [ 1 a o =< A 9 (] = a a
anwawnsalumsaugiliuaurannmsgnasgaluszeznannulaiiluedsd  sniwna
[ 1 4 1 4 A a 1 1
voadaaIumMIuaud WU eindsinmues NR dawaldia elongation at break 1@y
4 )
tension set fjmqﬁu UAA tensile strength UDE hardness lAtanas taznyItledsuaves
4
' <3 1
NR 3131031 WU vulcanizated natural rubber dispersed phase Huuatanas uagnunlussyy
mixed curing system U®DJ TPVs 921%A1 shear stress 11a¢ tensile strength @.’Qﬁﬁm uagIsuy
peroxide-curing system velisesaan aamuszuy sulphur-curing system wwldwadin e
=] . . A o v
P. Bala uazAniy [12] 19381 organomontmorillonite (OMMT) Ngniliuilganie
a 4 a 2
dodecylamine HaNAIlUBNBITUWIAADUNIIA 7283 melt blending NAMINATDVAUTA
[ v b4
FINaNU OMMT NUTIA 4% wt A1 tensile strength LA elongation at break TR
4 [ v 4 [ 4 4
WBNINHEINLI modulus A1 100 1AL 200% WAUWNTY WelSuaveos OMMT MINTYUAILA
1 94 4%wt SMSTVMIAN pure MMT Wuazin Iiauifianaanas
Siby Vaghese 18¢ J. karger-Kocsis [13] Any1/3sufounaued pristine MMT e
OMMT TasHauiuenasss A @835 melt blending N1/31119049 clay 10 phr 31AN3
NATADVAY X-ray diffraction (XRD) i8¢ Transmission electron microscropy (TEM) WU
OMMT @1W15NTENOAMUL  exfoliated VNFIU  IAgUNEIUNANTNTLIOAWL
[ Y [l
intercalated 1182 aggregate FIYUAVFHAYOS OMMT 1% S msumsnagevautiaFananyn
9 va A A . A g ' .. =
OMMT e lvaudamenananiuazarlums curing M50 pristine MMT  HINWU

FURAINVIIUITEUDI K. N. Madhusoodanan 11a¢ Siby Varghese
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3.1 Jaquazmsniinldlunsmaaes

311 #1WFIINWA (Natural rubber, NR) (050 RSS 1 91003 5naunes ne Suwes

HsC H

cC—=c¢C

*T—CH,  H,C——*
- J4n

i 18 Tasaadravessnasssuana

3,127 Woansonaw (nga aa (Polypropylene, PP; P700J Injection Grade) INUTHN
Tnewoansonau $1ia Halian melt flow index (MFD) 111120 g 10" min” (2.16 Kg load at

o 2 1 < [T J a
230 C) AT R E VN ATRIISIRTTRUAN! 091 NINADYNUIANLEUALNAT

*—~CH=—C—1—*

CHs;

= J4n
d' 9 a A
MNN 19 Taseaseveaneansonau

Aaaa a J 4 I Aaaa Y]
313 dnszduinsendgefonn laq (Zinc Oxide, ZnO) iluasnszquilfnseria
a1l TunTZUIUMIHANI MNUTHNINATY

9 Aaaa A A . . I 9 4
314 mnszAuURnsensadiAein (Stearic acid) Wuasnszduilfaserian Tud

a [ 4 av A ) )
Tunszuaumswanes hlﬁﬁﬂﬂ’ﬂﬂf’)lélﬂi"l%‘l’i%Wﬂ']JEHTI’EJLlIL!L’JGHHﬂiqﬂ
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315 mssalgnseuuesundTawuleines Tva (MBT) Wuaisisalgiserian

4 a Yo 4 a v A ) %)
hlu“l)' Tunszuaumsnane hlﬂi‘]Jﬂ'ﬂllﬂHLﬂi']gﬁ%']ﬂ‘]Jﬁ‘lﬂlVI’ﬂlJIul'JGIfuﬂiq‘]J

s
HS—<\
N
i 20 Tnseasranlivos MBT

. @ 4 Yo 4 a o
3.1.6 mimgﬂaw (curing agent) Faines (sulphur) ”lmumﬁmgmﬂzwmﬂmym
a o 4] .
au Tuny UN3 1/ (Innovation Group)
g A ¢ L & o a A Y,
3.1.7  @15UBUADDNFUAUN (Antioxidant) Lﬂuﬂgwuﬁmamuaa FONITA
. A o <3 = | = ' [ J
Wingstay®L Hanvauzilumsazideaduiivues ianurunyy 1.08 NINADYNUIAN
IHUAINAT MO 108 Eliokem Material and Concepts U3 Zineiervisgoinin
a o 4 a o A 9 ¢ a o
31,8 Tuavheaueuavesalalud (OMMT) HaNn1IN1TAT Closite®15A  NUITHN
4

@ a A I~f J <3
Southern Clay Product, Inc Us¥ImaavsgomI3n1 J15u1a1 modifier content 111 43 o s1iud

v
Tasimiin

CHjs
H,C——N* HT
HT
vinenie) HT : Hydrogenated tallow (~65% C,,, ~30% C,, ~5% C,,)

i 21 Tassadweasun Tunoud 1usalalud (Cloisite 15 A)
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32 n3esileilflumsduiivani3se

321 inseuanauuunTa (Brabender Plasticorder; 31 PLE331) ¥11AA4Y 75
QMIANIFUAINAT 9INU3HN Brabender OHG Duisburg U5z imaeas i

322 m?'mmwauﬂmmuﬁmgﬂﬂ?:q (Two-roll mill) UU1A 150 x 400 Haamas
MNUTENIE Inwe1 Ju XK 06

323 Lﬂ?@ﬂﬁ@‘ﬂﬂ (Grinder) 91NUTH% Bosco engineering dszma'lne

324 m%aﬁaé’fm%’uﬁugﬂuuuﬁﬂ (ARBURG Injection molding) 34 320 C 600-
250 91NUTEN ARBURG Co., Ltd 1szimeteasiiu

325 nSoanaaeUauiiAiFng Universal Testing Machine 9101350 LLOYD
Instruments 1/32IMATINGHIU LRSOK

32.6  1A309NATO X-ray Diffraction (XRD) 2 kW 9101540 JEOL J4 JDX-3530
(ag XRD 18 kW 91nUTHN Rigaku 314 TTRAXIII

327 N304NATOUNYANTIUNISIAANEN Perkin-Elmer DSC 7 analyzer 910357
Perkin—Elmer U3naAanigoman

32.8 m?mmﬁauﬁmjmﬁwm Scanning Electron Microscope (SEM). 91013 HMN
Cam Scan 34 MX 2000

3.2.9 m%mmauauﬂ’&%qwaiﬁ Dynamic Mechanical Analyzer (DMA) 'uf:‘Ll QC 25

91NUTEN GABO QUALIMETER 1/5&imaeasiu

ax o a
3.3 SEMIAURUMINADS

av yd 4 o 1 1 a o a an
\11U’J%ElﬁlﬂuﬂTﬁﬂﬂﬁ@ﬂl‘ﬁ@ﬂWﬁﬂﬁ’)uﬂTﬁW’ﬁiJi$1’i’)1\1§lN‘ﬁﬁiiJ“]ﬂ@] DUNDANIDNAU

v
[

] a v %
MunszuIums launing faa luadu (Dynamic vulcanization) @39z l¥mswauluaniig
.. Yo A A 1 o a o .
LR (Melt mixing) ilzvlﬂil?fﬂmiilﬂ’n mos lunaraaniant luam (Thermoplasstic
. [ o Aa o ~ A Y 1 A Y]
vulcanizate, TPV) Tagdaqunes lunaaaniant luamaziauiaaiuaieg darauaniu Tl
@ 1 ] caj awv Qy y o w o a o {
dadrumswan aeiulunuidesuiigirigqmes luwarganiant luani Idanmswan
4
FEUINONTITUHA 5NN UNeaNToNAY TUdadIUMINaNA1) AallT V95T URA
I 4 3’ o A wva Y 1 Y 1 vAa Aa
20, 30, 40, 50 waz 60 lesiHuUA Iagsimin ienaasuaNAA LA Taud auifFina
a a o a I :Jl o [ 1 {
WpAnIIUMIIARAN tazdug1uInet udu nniuimsmendadiumsnanimanz au

A A o [ a 4 4 a o o 1 £
‘V]’Q’ﬂLW’E)‘VI1ﬂ1'5Nﬁ'ﬂJﬂUTNﬂWWﬂﬂNﬂu@]N@ﬁaIﬁqu@] (OMMT) uazmmimﬁaumllﬂ HIVY
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= a A a 4 4 a ST o 4 Aa o 9
ﬁﬂ‘ymmwamaﬂmwwmauﬂmiaiaTu@ﬂamﬂmaﬂnwmﬁﬂmaﬂﬂuwm Tuau

va A a a o a : ] [~
FUUALYING Wf]ﬂﬂﬁillﬂ”lﬁlﬂﬂﬂﬁﬂ HAZaUTIUING “d]);\iﬂgllﬂ\iﬂ'lﬁﬂﬂaﬂﬂﬂ’ﬂﬂlﬂu 2 DU

Part | Effect of blend ratio

NR t PP
Various blend ratio
TPV
Testing
Mechanical Crystallization Morphology
Properties Behavior

Part Il ; Effect of OMMT on TPV

NR |+ | OMMT |+ PP

TPV
Testing
Mechanical Crystallization Morphology
Properties Behavior

MW 22 urufamsaniuauise Taes
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q‘ = a a @ 1 a o a an o
@oui 1 nsfAnyIdnTwaveidadIumIHauve195IININA duneansenan Tumes Ty

waeaniaa luam
= [y d a v
341 mamIsnTaqmoesiuwaradinian luam

= [ 4 a o o = 9 A a\

maa3endaqmes lunardanianm luamaziimsmssuarsniosuanaunuuilae

. o Y ax . & =1 a
(Brabender Plasticorder) 1ag11mMsHan@1835 Melt mixing B9z 19ensaiinaz/sunalues

Y
%

FITUHIAAIT

msai 4 asntivazdsnanldlugasens

Ingredient Quantity (phr)
NR 100
ZnO 5.0
Stearic acid 1.0
Wingstay L 2.0
MBT 0.8
Sulphur 2.0
Wax' 10 wt%

Y
WInemg Wax 10% Tagiinninveawedwesuaus

= [ o Aa o dy o [ 1 o
lumse3endaqumes lunwaaanian luamilszimsulsdadiumswan Tagazii
Y Y
maunsUSunaenasssuana dai 20, 30, 40, 50 uaz 60 wlosiFud Tasimiin

@ o a o A 1 f a a
msmseuiaqmes luwaraanian luam Guduainmsenlannuduvesneansoi

9 =

2 a =~ IS o :JI o Y 4
auludounguiigi 80° esruawaidod 1Wunar 24 $21ue miuiinmsnaudlonioanay
o . 9 a A ~ 9y <
uuUa (Brabender Plasticorder) aaegauringimawani 180° osmuzaiFod uazldnnusals

4 A 1 ~ o w a a a a
903 (Rotor speed) N 60 soudowil Tasdrdumsnauazisuanmsauneansonauaslu
Y [ A A Y a J 3 o a a
wosnauiluna 3 uiieliinansvasu Tagauysal miniuiimsauessssumaalal

o ~ z o a A o v w 1 dy
Nﬁmﬂunm 3 HUIMN iﬂﬂuuTﬂﬂﬁm&l’ﬁﬁ!ﬂMﬁNﬂGH&JﬁW]‘]Jﬂ\WHiNGIE]ll’]Ju
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M9 5 SAUMIHTULAZIAIN TN

Ingredient Mixing time (min)
PP 3

NR 3

ZnO 1

Stearic acid 1

Wingstay L 1

MBT 1

Sulphur Until optimum cure
Wax 3

A o 3 ) o I ng < A ] d%’ ] Y A A
Llli’]‘V]"IfniNﬁlllﬁiﬂl!a’lﬂgvnﬂTT]JﬂlﬂuGlfulaﬂc]LW@QTﬂﬁﬂﬂ’]imugﬂﬁ@ulﬂﬂ:]f]lﬂﬁf’)\ill'ﬂ

o [ Qy o ] 3 . .
U@ (Grinder)  wazihimsgihilusudiededronszurumsyugdunudaduidi (injection

Rl

Fd v
moulding) Tashimsaiugilngauugil 180 essnaaifoa
d' = a A 14 Sl o a o
aauil 2 M3IfANYIBNTHAYeI005UN Inadnlaemes luwaraaniam luam
a J d a J
342  mamdsnludvhaanounuoialalun
) a J J a J .. a o
1 luavheauouaueTala lud (Cloisite 15A) 910U Southern Clay Product, Inc
Uszmaansgomsn nihimsaauiaaznou (st sieve) Tnomsihmnualiazideadovie
uaas (ball mil) 18 1dvmaeglugia 74 da10s lulaswes saldnalunmsusiiune

Uszanm 48 #2734

MW 23 nilouaans (Ball mill)



40

M 24 1nT09AauenULIA (Sieve shaker)

[ Y a 4 4 a S Y o =S o 4
‘Viﬁ\iinﬂllﬂjllﬂV‘IWﬂﬂil?3‘LWIM@ﬁﬁiﬁquﬂlla3%$ﬂ1ﬂ15m5leliﬂﬁm@ﬁL!ll‘Vlsh' (Master
Aa a g = A
batch) VOIYNFITUYIA LAINMTUANFNE1TTTUHIAT Wan 60 UIN AVYLATDIVANTU D

anNas (Two roll mill) 111 master batch 118 lvihmswauawdeo 34.1

343 mIsnarevaniiwana
NAADVANNAIUMIULTIA (Tensile strength) ﬁ'amﬂ?m Universal Testing Machine
91NUTHN LLOYD Instruments 1/32MABINGHIU LRSOK Tasguaui 1#umsnaaonazd
dnvanilugdduuad v 2 Tedwes AUE1NUPUNA (Gauge length) 115 HaamaT YA

A YA a a o 9 I = Qy a A 1 =}
V94 Load cell N1%waAs 1 nlatiau lsanwsirlumsasrunaas 500 Yaawasaouin

B 15r:||m|'r1E .
- 15
&0 -
| 3 —— I |
g 2 | 0|
4 ‘\l e

K 50
¥
60 min™ | GAUGE MARKS

v Y v
M 25 anvazsuaunlslumsnagouanu@ NI 9 [14]



41
a a =K
344 msmareungAnssumsianan
k4
a a a 4 a o @
M3ATIVAOUNANTTUMIHANVEINeaNsoNauTumes Tunaradnian luamiin
) ' £ [
WMMINATOUAIATEY Perkin-Elmer DSC 7 analyzer FUNMITHADNFUNATOUN
a <3| 09: o a {
gl 200° osauwaiFod 1fumar 1w ainduiinisaagungiacla -80° oeen
Y 1
wagea a100a31 10° esruzaiFeanourii nazeziinisuaendnasaluin 200° eeen

= 9 Y] 0 ~ 1 ~
waea a1e905110° esrusaFeadoun

345  msnageudugiuInen
9 [ a 4 a o 9 A 4
asvde Iaseds udugaInnveunes luwardaniaa lumnaloniesgans e
adg 1 a o 1
IANATOULVUADINT A (Scanning Electron Microscope, SEM) UD3dUTEN Cam Scan 34 MX
2000 1EATINADUANBULNITNTZ A MAzMTNU IRvowaazd Taenadourni
z:y ~ o 9 o [ ] =1 Y o [ a Aax a
Fuanmlduanin vasnnmsuslululasoumiar 30 wi uani lladaneawsenauys
a 9 t:y A v 9 v 9 g ~ Y 9
nsAFuOUALanind1ensanadie xylene 1w 30 il nazeuurIdie vacuum
{ a g o 0
oven Ngungl d0cosraaiFod Wlunar 3 ¥ Tue[15-171 udniliindeundounsdie
& I s o A Ay YA
1n503 Splutter coater 108 1ilunar 2 wiit Fuhauaunld ldidunseanageu SEM vl
A a J. @ @
gyl 11 Chamber  0.001-0.0001 Nadauns uaalddynnaluns v 1w Secondary

Electron Image (SEI) (482 Black Electron Image (BEI)

346  msasaeuszezvieszrnaudanaves OMMT
Y 1

MIVATILHIZOLHITENINVDIFY Silicate Y93 OMMT tiadnyIANyansalums
) 3 a 4 a 4
Wa¥u MMT @18 CTAB e11593A5124 1991nmAtia X-ray diffraction (XRD) A81AT04

9
X-ray diffraction 2 kW 91nU5HW JEOL ju JDX-3530 Tasluauisediozldaied1alums
a 4 = I Yo A I 4 %] ~
ez ianyaztung uaz 19591905910 CukKoL (A = 0.154 nm) 8A5IAITATINAOUN
k4

1.00 89r@oU1A Tug9 1-10 991 TUMTRIUIUTZOLHNUDIFUFAINAUDI OMMT @ 1M15D
12114910 Bragg’s Law $ a5 3.1

nA=2dsin@ aumsﬁ 3.1

) [ Y
e A ADANNENIAAUVDISIA CuK Ol 1Ay d ADAITZELHINTEHINFUTANA
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34T  msasrnmeunsunsnvesluananeamesluiudann
4

MIATRdouMIUNINYed luanas i ludusamnaaunionsaaeu laninmaia X-
a o v [ l a 4
ray diffraction (XRD) 18 kW 91AUSHM Rigaku Ju TTRAXII Iasldded1alunsiingizy

I ] a a a Yo Ao . .
Wurueau 1 Tadmns vina 2 x 2 uamas uaz 15598 Cuk Ol (A = 0.154 nm) radiation,

[ k4

PATIMIAUNUN 1.00 DINAOUIN TUTIN 1-10 09 TUMTAIUINTTHZHNVDITFUTANADIN

Bragg’s Law 10 a@umsh 3.1

348  msmameumniadawa’@d (Dynamic mechanical properties)
mMsnagevantaFinaiaveunss lunaradn Jaa lwen annsonaaeulddie
AUA Dynamic  mechanical ~ analysis (DMA) ) Jﬂlﬂéﬂﬁﬂﬂﬁ DUANIALFINAIA Dynamic
Mechanical Analyzer (DMA) 34 QC 25 91nU3H% GABO QUALIMETER 15gimengo s R
Fannzmanadoudigunni (-80) &4 50 esrnaiFue, aawd 10.0 Hz, Static strain 7 1.0%,

. . = [ = .
Dynamic strain 11 01 % Gluaﬂymzmmmsm (Tension mode)

i 20 inTeanadevaniAaizanaia Dynamic Mechanical Analyzer (DMA) 5:1! QC 25
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Ao dyd = a A a 4 4 a 4 A 4 o

NuIeidumsaneensnaves luaneaueuauesala lud niseosun Tuueua

a 4 1 1 vAa A a a o a [ o

wosalalua (OMMT) NiideauiaEina weAnssumananan wagduguinevesigamos

Tunaraanian luam (Thermoplastic vulcanizate, TPV) 11 IA9AMTHANTEHINGNETTUIA

[ [ a a ] a L&Y

(Natural rubber, NR) 52uAUN0aNsoNaY (Polypropylene, PP) FUATEUIUMS laudngian

Tuidu (Dynamic vulcanization) ¥99ziimsnaualenTeanautUula (Internal mixer) 1ag
.. [ u’.t' av dal ' < 9y o A

wauluanevasy Melt  mixing) #93iuluauIvefivzuaeaniu 2 aoudreiune

MINTARMITATIUNITHANTEHINNGITITUVIA AUNBANIONAY NHauTAA 1A
~ 3 o = Aa A o 4 a A 1

mzauiige uazaniuIziinsAneIaniwavesoosun lunouanesala luaniinano
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naoun 1 aeldl

\ WA

. a A [y (Y] & a o H
aeaun 1 msfnudninavesdaadiumswanvesaqgmasluwaiannian lmsniiinoani
M9
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4.1 sndwavesdadiumsnaunedauguInanveamoslunaradiniantluan

a a [ 1 o a o 1
M3ARYIBNTNaVRIFAdIUMTHANYBUNDS Iunaraanan luwni ldanmswnawy

9y
5YUINONTTTUNA NuweanToNaY AedugiuIne vz ldadiumsnauseritaned
Y

o NaU/819555A (PP/NR) Naviua b dadrudienu 1dun 40/60, 50/50, 60/40, 70/30 taz

) ‘a < 1 .
80/20 Ta811N1INATOUAI10NA0I9ANTIANDIANATOULUUADINTIA (Scanning  Electron

1 Y Y
Microscope, SEM)  Fua3eusuaI0819a8m1351udl0619 1 luruazimsindae
[ Y Y
lulasiouman (Liquid nitrogen) tioilosiumsnaglveurlavesbudiodis miniuiinms
[ a a I o
analanednseNauals Xylene fou urar 90 wii uagdimsevuisdrsdougynnia
4 a I ) )
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3513 8 AMAnudumudsussdaveanes lunanaaniam lumndaaumsnaunie

. Tensile strength (MPa)

Blend ratior— 2 3 4 5 | Averg. | SD
40/60 7.39 7.84 8.36 8.26 8.41 8.05 0.43
50/50 10.62 10.85 11.35 10.68 10.87 10.87 0.29
60/40 12.70 13.41 13.33 13.47 13.54 13.29 0.34
70/30 12.72 13.19 13.02 13.19 12.90 13.00 0.20
80/20 20.38 21.03 20.79 20.88 20.56 20.73 0.26

319 9 Aszozdagaga (Ultimate

o Aa o { o [l
elongation) ¥aanas lunaraanian luwnidaau

MTHANANE
. Ultimate elongation (%)

Blend ratio|—— 2 3 2 5 | Averg. | _SD
40/60 133.75| 193.98 | 119.75| 173.29/] 154.30"| 155.01 29.78
50/50 395.84 | 443.35 | 503.89 | 362.47 | 392182 | 419.67 55.26
60/40 25.52 31.35 30.86 25.85 30.65 28.84 2.90
70/30 20.51 22.99 22.51 17.80 - 20.95 2.36
80/20 23.83 26.16 23.50 25.14 20.98 23.92 1.96

v o a o { o 1 1
@151 10 A1 Tensile stress at yield voanas lunanaanjam luamidadumsnauaigg

. Tensile stress at yeild (MPa)

Blend ratio/—— 2 3 4 5 | Averg. | SD
40/60 7.34 7.70 8.34 8.20 8.40 8.00 0.46
50/50 10.09 10.17 10.55 10.27 10.38 10.29 0.18
60/40 12.03 12.75 12.65 12.75 12.85 12.60 0.33
70/30 - - - - - - -
80/20 - - - - - - -

A 1 1 9
wneyg < Ao luansomarla
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m319 11 A1 wegdd (Modulus) veunes luwardaniam luamidadiumsnanaie

. Modulus (MPa)

Blend ratior— 2 3 4 5 | Averg. | SD
40/60 0.98 0.97 0.97 0.80 1.08 0.96 0.10
50/50 1.48 1.47 141 1.48 1.48 1.46 0.03
60/40 1.93 2.00 2.03 2.01 1.98 1.99 0.04
70/30 2.51 2.56 2.55 2.54 - 2.54 0.02
80/20 3.18 3.22 3.27 3.30 3.22 3.24 0.05

A ] 1 9
wneyg < Ao luansoma la

a a 3 a o { o
2. éﬁ'ﬂgamimaaqumnﬁumsmﬂwﬁnmaamaﬂuwmaﬂmam"lmmwﬁamfmmswau

maqaemmaiia DSC

1 o a o { [ ! v
319 12 A1 Delta Hyoamnes lunanaanian lusnidaa mnsneasm 199

Delta H (J/g)

Blend ratio 1 2 3 Averg. SD
40/60 14.15 14.22 14.13 14.16 0.05
50/50 13.94 14.04 14.05 14.01 0.06
60/40 15.55 15.10 15.33 15.32 0.23
70/30 15.27 15.30 15.10 15.23 0.11
80/20 14.24 14.52 14.72 14.50 0.24

PP 62.23 62.27 62.36 62.24 0.07

1314 13 A1 Yerystalline voumes Tunaradnian lumniidadiunsmaudie
%ocrystalline
Blend ratio 1 2 3 Averg. SD

40/60 22.74 22.84 22.70 22.76 0.07
50/50 22.40 22.55 22.58 22.51 0.10
60/40 24.98 24.26 24.62 24.62 0.36
70/30 24.54 24.59 24.27 24.46 0.17
80/20 22.89 23.33 23.66 23.29 0.39
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v 4 a o { ! 1
@1519 14 f1 Melting temperature Y9903 Iunaradnian luanidadiunsnauniag

Blend ratio of PP/NR
40/60 50/50 60/40 70/30 80/20 PP
Tm(°C) 156.5 156.5 157.33 154.67 157.17 156.8
Delta H (J/g) 14.16 14.01 15.32 15.23 14.50 62.24
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U Y 1 = o a o d’Q 4 4
m319 15 aanudumudeussaaveanas lunaraanian luannlsuaeosun Tunad

A3
Tensile strength (MPa)
1 2 3 4 5 Averg. SD
0 phr 10.03 10.46 10.46 10.03 10.14 10.22 0.22
1 phr 10.85 10.27 10.45 10.65 10.18 10.48 0.27
3 phr 10.30 10.70 10.46 10.18 10.36 10.40 0.20
5 phr 12.16 12.89 13.23 13.65 13.56 13.10 0.60

1 A . . o a o A (a
m319 10 Aszeztagaga (Ultimate clongation) voumes lunaraaniant luaminlSuia

J 1
aamﬂiumaamm
Ultimate elongation (%)
1 2 3 4 5 Averg. SD
0 phr | 154.78 176.86 179.31 164.75 154.61 166.06 11.75
1phr | 200.14 206.13 171.58 209.66 211.80 199.86 16.42
3 phr | 221.81 241.14 228.80 223.61 226.54 228.38 7.62
5phr | 367.34 359.62 364.97 357.27 365.61 362.96 4.29

' . . % a o A (a s 7
1208 17 f1 Tensile stress at yield "llf’NL‘ﬂf’]ﬁIﬂJWﬁTﬁ@]ﬂ?ﬁﬂTUluL“ﬁVIVlﬂiiJ"Im@@illﬂTumaﬂ

A4
Tensile stress at yeild (MPa)
1 2 3 4 5 Averg. SD
0 phr 9.95 10.46 9.63 9.96 10.12 10.02 0.30
1 phr 10.27 10.26 10.03 10.43 10.47 10.29 0.17
3 phr 10.26 10.69 10.39 10.18 10.35 10.37 0.19
5 phr 11.55 12.02 12.48 12.82 12.69 12.31 0.53
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1 [ o a [ d' a 4 4
m319 18 A1 wogdad (Modulus) veunes Iunarddnian luamilSuaessunTunad

A4
Modulus (MPa)
1 2 3 4 5 Averg. SD
0 phr 1.49 1.56 1.63 1.60 1.59 1.57 0.05
1 phr 1.64 1.60 1.61 1.56 1.58 1.60 0.03
3 phr 1.66 1.60 1.70 1.57 1.70 1.64 0.06
5 phr 1.67 1.64 1.69 1.58 1.61 1.64 0.04

Y a a = J a o A o d
4. ﬂlﬂgaﬂ1§ﬂﬂﬂﬂﬂwq9’lﬂiﬁﬂﬂ]i!ﬂﬂNﬂﬂﬂlﬂQ!ﬂﬂiiNWﬁ1ﬁﬂﬂ?ﬂﬂﬂ“!"‘lﬁﬂ‘i’lﬂi&l]ﬂ!ﬂﬂi!!ﬂiu

nadmaqalenaiia DSC
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Lab: METTLER STAR® SW 9.30
3 @ a o { (& ¢ s
M 71 DSC thermogram Yo a3 lunaaanian luamidsuaessunlwaadn 0 phr
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MNN 13 DSC thermogram Youma3 lunaaaniam luwmnysuaeosunTunadn 3 phr



87

faxo

Lab: METTLER STAR" 5W 9.30
~ 7 a o A (a 7 P
MNN 74 DSC thermogram "U'é)\‘il‘ﬂf]ﬁTNW@ﬁﬁﬂ')ﬁﬂ?uluL%Wﬂﬂiﬂ?ﬂ!@ﬂﬁuﬂiulﬂaﬂﬂ 5 phr

J o a o A (A 4 g
1519 19 A1 Delta Hyaamos lunanaanian luwnindsunaessun Tumadaie

Delta H (J/g)
1 2 3 Averg. SD
0 13.94 13.84 13.90 13.89 0.05
1 15.43 15.40 15.53 15.45 0.07
3 15.89 15.79 15.80 15.83 0.05
5 15.80 15.79 15.94 15.84 0.08

OMMT (phr




1 o a o i (a J 1
313 20 A1 %Crystalline vounes lunaraanianm luamiysuaessun Tunadaian

%Crystalline (%)
OMMT (phr)— 2 Averg. | SD
0 2240 | 2223 | 2234 | 2232 | 008
1 2480 | 2474 | 2496 | 2483 | 011
3 2553 | 2537 | 2539 | 2543 | 0.09
5 2538 | 2537 | 2560 | 2545 | 013

1 o a W
3519 21 A1 %Crystalline, Delat H (10 Melting temperature 941003 lunaraan Jaa lu

A a s 2
wnNUSuaeasn Iunada1eg

OMMT content (phr)
0 1 3 5
% crystallinity | 22.40 24.80 25.53 25.38
Delta H (J/g) 13.94 15.43 15.89 15.80
T, (°C) 156.50 153.00 |152.67 152.83
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H 1 4 a o i (a 4 4
3197 22 A1 T, 1az Tan O vounes luwaradnian luniilSuiaessunlunad o phr

0 phr

Temp | E' E" Tan
-78 | 1.51E+03 | 174.6187 | 0.07314
-77.4 | 1.50E+03 | 169.7888 | 0.07078
-76.2 | 1.54E+03 | 168.3486 | 0.07086
-74 | 1.53E+03 | 174.0504 | 0.07521
-72.6 | 1.54E+03 | 181.0052 | 0.08071
-70.7 | 1.52E+03 | 194.0583 | 0.08869
-68.4 | 1.50E+03 | 195.5067 | 0.09017
-66.5 | 1.50E+03 | 197.5854 | 0.09224
-64.8 | 1.53E+03 | 200.883 | 0.09529
-62 | 1.49E+03 | 204.0406 | 0.09816
-60.7 | 1.50E+03 | 210.4272 | 0.10295
-58.3 | 1.48E+03 | 222.8747 | 0.11247
-56.3 | 1.44E+03 | 246.149 0.1298
-54.2 | 1.37E+03 | 277.2099 | 0.15488
-52.2 | 1.29E+03 | 320.931 | 0.19662
-50 | 1.20E+03 | 353.3025 0.231
-47.9 | 1.16E+03 | 342.202 | 0.24017
-45.6 | 1.10E+03 | 303.5711 | 0.24176
-44.3 | 9.98E+02 | 263.4924 | 0.24008
-42.2 | 8.27E+02 | 185.7786 | 0.22472
-39.9 | 7.40E+02 | 154.2623 | 0.20085
-38 | 6.96E+02 | 132.4781 | 0.18224
-35.8 | 6.48E+02 | 115.8647 | 0.16735
-33.8 | 6.08E+02 | 103.8461 | 0.15618
-32.7 | 5.71E+02 | 94.03979 | 0.14674
-29.5 | 5.42E+02 | 81.18726 | 0.13428
-28.7 | 5.11E+02 | 75.67832 | 0.12855
-25.8 | 4.85E+02 | 67.95115 | 0.12127
-23.9 | 4.61E+02 | 63.28494 | 0.11632
-22.4 | 4.36E+02 | 58.8753 | 0.11175
-20.3 | 4.14E+02 55.698 | 0.10854




-18.2 | 3.97E+02 52.768 | 0.10582
-16 | 3.75E+02 49.709 | 0.103055
-13.8 356.673 | 47.1497 | 0.101252
-12.1 338.328 | 45.0994 | 0.099861
-10 320.02 | 43.1729 | 0.099108
-7.8 302.051 | 41.3956 | 0.098029
-5.8 285.829 40.551 | 0.09905
-3.7 268.953 | 38.0493 | 0.096698
-1.8 254.569 | 37.4364 | 0.098178
-0.3 240.429 | 36.4781 | 0.099965
4.6 222.284 | 34.5559 | 0.114986
58| 217.249| 33.6605 | 0.111917
6.5| 206.127 | 32.8521 0.1056
8 191464 | 31.8844 | 0.100502
10.2 180.118 | 30.4399 | 0.099472
12.2 169.529 | 28.7627 | 0.098162
141 157.623 | 27.0743 | 0.096127
16.1 148.697 | 25.6716 | 0.09484
18 139.886 | 24.1884 | 0.093027
20 129.846 | 22.8897 | 0.091166
22 123.403 | 21.8327 | 0.089588
24 115.879 | 20.7901 | 0.087857
25.9 110.401 19.93 | 0.086836
27.8 103.792 | 19.1932 | 0.086042
29.9 96.289 | 18.3278 | 0.084612
31.9 90.078 | 17.6082 | 0.084189
33.8 83.373 | 17.1015 | 0.084235
35.9 77.146 | 16.5085 | 0.08412
37.8 70.772 | 15.9983 | 0.084412
39.8 64.791 | 15.5958 | 0.085044
41.7 58.886 15.265 | 0.08648
43.7 51.818 | 14.7773 | 0.086994
45.8 46.182 | 14.5782 | 0.088879
47.8 40.266 | 14.2209 | 0.090676
49.7 33.496 | 13.9586 | 0.093126
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H 1 4 a o i (a 4 4
mM3197 23 A1 T, 11az Tan O vounes luwaradnian luniilSuimessunlunad 1 phr

1 phr
Temp | E' E" Tan o
-79.2 | 1.57E+03 | 169.0375 | 0.08558
-79.4 | 1.57E+03 | 165.0817 | 0.08424
-76.1 | 1.60E+03 | 163.1734 | 0.08395
-74.6 | 1.59E+03 164.8 | 0.08559
-72.4 | 1.61E+03 | 163.6957 | 0.08593
-70.3 | 1.58E+03 | 162.2224 | 0.08576
-68.5 | 1.56E+03 | 164.6952 | 0.08828
-63.9 | 1.56E+03 | 167.8296 | 0.09089
-63.4 | 1.59E+03 | 171.6172 | 0.09311
-62.7 | 1.56E+03 | 175.8876 | 0.09682
-60.5 | 1.56E+03 | 207.1795 | 0.11671
-57.9 | 1.55E+03 | 233.9159 | 0.13527
-56.1 | 1.51E+03 | 259.6431 | 0.15529
-54 | 1.43E+03 | 290.9117 | 0.1816
-52.3 | 1.35E+03 | 311.9067 | 0.20781
-50 | 1.26E+03 | 319.8858 | 0.22856
-48.4 | 1.09E+03 | 314.1169 | 0.24258
-44.8 | 9.83E+02 | 291.9277 | 0.25114
-43.4 | 8.87E+02 | 260.3021 | 0.2352
-42.3 | 8.05E+02 | 232.0082 | 0.22365
-40.3 | 8.00E+02 | 203.2482 | 0.20866
-38.3 | 7.86E+02 | 177.5449 | 0.19434
-36.2 | 7.38E+02 | 156.9824 | 0.18091
-34.3 | 6.98E+02 | 141.5662 | 0.17139
-32.1 | 6.61E+02 | 128.5497 | 0.16336
-30 | 6.32E+02 | 118.5691 | 0.15771
-28.5 | 6.01E+02 | 110.6256 | 0.15338
-26.3 | 5.75E+02 | 101.8085 | 0.14929
-24 | 551E+02 | 95.76687 | 0.14595
-22 | 5.26E+02 | 91.09155 | 0.14479
-20.1 | 5.04E+02 | 86.44845 | 0.14258
-18 | 4.87E+02 | 82.17444 | 0.14141
-16 | 4.65E+02 | 78.20803 | 0.1411
-13.7 446.673 | 73.73361 | 0.14071
-11.9 428.328 | 70.13457 | 0.1357
-9.7 410.02 | 64.6598 0.13
-1.7 392.051 | 59.8458 | 0.128249




-5.8 375.829 | 57.3906 | 0.127955
-3.7 358.953 | 54.9688 | 0.127459
-1.7 344.569 | 53.0738 | 0.128145
-0.4 330.429 | 51.0906 | 0.1283
3.4 312.284 49.221 | 0.1325
4.1 307.249 48.708 | 0.1365
6 296.127 | 47.4909 | 0.140798
8 281.464 | 45.4801 | 0.139183
10.1 270.118 | 43.2799 | 0.138323
12.2 259.529 | 40.8278 | 0.136252
14 247.623 | 39.3095 | 0.136269
16 238.697 | 37.3971 | 0.134217
17.9 229.886 | 35.5667 | 0.131806
19.9 219.846 | 33.9998 | 0.130552
21.9 213.403 | 32.5176 | 0.128851
23.9 205.879 | 31.3624 | 0.128464
25.8 200.401 | 30.2841 | 0.127303
27.8 193.792 | 29.2758 | 0.126835
29.8 186.289 | 28.2875 | 0.126222
31.8 180.078 | | 27.3001 | 0.125442
33.8 173.373 | 26.3893 | 0.125329
35.8 167.146 | 25.3219 | 0.124171
37.7 160.772 | 24.6152 | 0.124673
39.8 154.791 | 23.9173 | 0.124882
41.8 148.886 | 23.1897 | 0.125622
43.8 141.818 | 22.3956 | 0.125885
45.9 136.182 21.746 | 0.126853
47.7 130.266 | 21.1418 | 0.128247
49.7 123.496 | 20.5118 | 0.129663
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H 1 4 a o i (a 4 4
3197 24 /1 T, ez Tan O vounes luwaradnian lugniilSuiaessunlunad 3 phr

3phr
Temp | E' E" Tan o
-78 | 1.71E+03 | 179.3112 | 0.10516
-77.4 | 1.70E+03 | 175.8843 | 0.10331
-76.2 | 1.74E+03 | 169.2175 | 0.0974
-74 | 1.73E+03 | 168.365 | 0.09742
-72.6 | 1.74E+03 | 166.3711 | 0.09547
-70.7 | 1.72E+03 | 169.6883 | 0.09893
-68.4 | 1.70E+03 | 173.3228 | 0.10215
-66.5 | 1.70E+03 | 175.2333 | 0.10314
-64.8 | 1.73E+03 | 173.4928 | 0.10048
-62 | 1.69E+03 | 179.766 | 0.10623
-60.7 | 1.70E+03 | 182.9658 | 0.10782
-58.3 | 1.68E+03 | 194.8211 | 0.11571
-56.3 | 1.64E+03 | 213.7451 | 0.13021
-54.2 | 1.57E+03 | 240.9781 | 0.1535
-52.2 | 1.49E+03 | 273.1784 | 0.1834
-50 | 1.40E+03 | 295.8732 | 0.21203
-48 | 1.26E+03 | 297.2134 | 0.23519
-44.6 | 1.15E+03 | 278.6127 | 0.25215
-43.1 | 1.04E+03 | 246.4284 | 0.23615
-42 | 9.72E+02 | 215.9886 | 0.22214
-40.4 | 9.04E+02 | 188.0023 | 0.20787
-38.3 | 8.34E+02 | 160.4601 | 0.19231
-36 | 7.82E+02 | 140.1786 | 0.17926
-33.9 | 7.43E+02 | 125.0639 | 0.16826
-32.3 | 7.10E+02 | 114.7551 | 0.16163
-30 | 6.77E+02 | 104.618 | 0.15454
-28.1 | 6.47E+02 | 96.4334 | 0.14903
-26.1 | 6.18E+02 | 88.86062 | 0.14371
-23.9 | 5.92E+02 | 81.92471 | 0.13835
-22 | 5.69E+02 | 77.33921 | 0.13583
-20 | 5.48E+02 | 72.57732 | 0.13244
-18 | 5.27E+02 | 67.7873 | 0.12853
-16 | 5.08E+02 | 64.35434 | 0.12678
-13.8 488.227 | 60.7909 | 0.124514
-11.8 471.256 | 57.7716 | 0.122591
-9.8 454512 | 54.8569 | 0.120694
-1.7 438.542 | 52.4804 | 0.11967




-5.8 422.841 50.641 | 0.119764
-3.6 408.401 | 48.6833 | 0.119205
-1.6 389.15 46.223 | 0.123
-0.3 374.363 44.815| 0.1238
3.3 360.508 | 43.4522 | 0.1286
4.3 352.422 | 42.2322 | 0.129834
6.1 342.868 | 40.8466 | 0.142132
8.4 329.52 | 39.2944 | 0.1357
10.4 314.296 | 37.2561 | 0.1278
12.4 303.745| 35.7334 | 0.1206
14.2 293.835 | 34.2526 | 0.116571
16.2 286.594 33.244 | 0.115997
18.1 279.246 | 31.6683 | 0.113406
19.8 273.378 | 30.6404 | 0.112081
22.1 265.304 | 29.4746 | 0.111098
24.3 257.893 | 28.0854 | 0.108903
26 249.18 | 26.8789 | 0.107869
28 242.893 | 25.9138 | 0.106688
30 235.734 | 24.9045 | 0.105646
32 228.213 | 24.0444 0.105359
34 220.829 | 23.2128 | 0.105117
35.9 214.66 | 22.3678 | 0.104201
38 207.504 | 21.7852 | 0.104987
39.8 200.572 21.196 | 0.105678
41.8 194.396 20.522 | 0.105568
43.8 188.032 | 20.1223 | 0.107015
45.8 180.281 | 19.5081 | 0.108209
47.8 173.233 | 18.9675 | 0.109491
49.7 165.733 | 18.4059 | 0.111058
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a ! 2 a o 4 (a 7 7
M3197 25 A1 T, 11az Tan O vounes luwaradnian luniilsuiaessunlunad 5 phr

5 phr
Temp | E' E" Tan o
-78 | 1.98E+03 | 216.0461 | 0.12863
-77.4 | 1.96E+03 | 213.621 | 0.13052
-76.2 | 1.94E+03 | 211.567 | 0.12839
-74 | 1.93E+03 | 211.0817 | 0.12352
-72.6 | 1.91E+03 | 208.4032 | 0.12559
-70.7 | 1.89E+03 | 208.5699 | 0.12607
-68.4 | 1.87E+03 | 207.5996 | 0.12565
-66.5 | 1.85E+03 | 208.5277 | 0.12732
-64.8 | 1.84E+03 | 208.549 | 0.12758
-62 | 1.82E+03 | 209.0221 | 0.12977
-60.7 | 1.78E+03 | 212.9592 | 0.13399
-58.3 | 1.73E+03 | 220.5036 | 0.14036
-56.3 | 1.67E+03 | 237.0064 | 0.15074
-54.2 | 1.60E+03 | 266.9702 | 0.17722
-52.2 | 1.50E+03 | 297.9683 | 0.20927
-50 | 1.40E+03 | 316.2629 | 0.2391
-48 | 1.29E+03 | 315.9883 | 0.2532
-44.2 | 1.20E+03 | 297.7178 | 0.26238
-43.9 | 1.11E+03 | 265.7267 | 0.25989
-42.1 | 1.04E+03 | 229.988 | 0.24478
-40 | 9.74E+02 | 200.5203 | 0.22916
-38.1 | 9.14E+02 | 177.194 | 0.21331
-36.1 | 8.68E+02 | 156.4706 | 0.19978
-34 | 8.26E+02 | 139.7315 | 0.18799
-31.9 | 7.87E+02 | 126.4099 | 0.17895
-30.1 | 7.52E+02 | 116.9206 | 0.17269
-28 | 7.21E+02 | 107.7975 | 0.16679
-25.9 | 6.82E+02 | 99.94566 | 0.16109
-23.9 | 6.56E+02 | 93.42394 | 0.15688
-21.9 | 6.29E+02 | 86.98588 | 0.15228
-19.6 | 6.06E+02 | 81.70457 | 0.14873
-17.8 | 5.81E+02 | 77.35941 | 0.14553
-15.6 | 5.54E+02 | 73.19026 | 0.14362
-13.6 | 5.24E+02 | 69.1332 | 0.140608
-11.5 | 5.02E+02 66.392 | 0.140266
-9.5 479.351 | 63.5769 | 0.139723
-7.5 466.639 | 61.6536 | 0.141067




-5.7 448.521 | 59.7774 0.14
-3.6 431.265 | 57.9849 0.14
-1.8 41417 | 55.7544 0.14
0.2 398.213 54.63 | 0.1405
3.7 377.483 | 52.1657 | 0.143658
4.2 364.066 | 50.9579 | 0.144664
6.3 337.299 | 49.0058 | 0.146006
8.1 326.765 | 45.9085 | 0.140623
10.2 312.89 | 44.1396 | 0.140073
12.1 299.65 | 41.8701 | 0.137491
14.1 288.471 | 39.0104 | 0.133313
16.1 278.631 | 37.2692 | 0.13137
17.9 269.841 | 35.1992 | 0.12805
20.1 260.432 | 33.0514 | 0.124795
22 252.366 | 31.8875 | 0.123402
24.1 244.134 | 30.2924 | 0.120745
25.8 237.891 | 29.6339 | 0.120757
27.9 230.817 | 28.1859 | 0.118035
29.9 22411 | 27.1096 | 0.117211
31.8 217.631 | 26.0586 | 0.115776
33.8 210.561 | 25.1075 | 0.114975
35.9 203.928 | 24.2148 | 0.114142
37.8 197.438 | 23.5138 | 0.114271
39.8 191.518 22.844 | 0.114339
41.8 184.599 22.19 | 0.114449
43.9 177.906 | 21.5851 | 0.115541
45.8 171427 | 21.0511 | 0.116188
47.8 164.852 | 20.5845 | 0.117447
49.8 158.194 | 19.9817 | 0.118589
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Mechanical Properties, Crystallization Behavior and Phase Morphology of PP/NR
Thermoplastic Vulcanizate

C. Baru and C. Thongpin

Abstract— Thermoplastic vulcanizate material or TPV is a type of material exhibiting excellent properties between
thermoplastic and elastomer. In this study, the blends containing polypropylene as matix phase and natural rubber (NR)
compound as dispersed phase was melt blending in an internal mixer. Rubber phase was sulphur dynamic vulcanization
during melt blending. It was evident in this study that mechanical properties and morphology of samples was dependent upon
blend ratios. Tensile strength was found to be increased whereas elongation at break was found to be decreased with the
content of PP. The rubber phase dispersion was the key effect on TPV mechanical properties. The present of rubber phase in
PP also obstructed crystallization of PP in the blend. It was found in the second part of the work that the properties of the

TPV were improved with well dispersion of rubber phase in TPV.

Keywords— Thermoplastic, vulcanizate, blend, PP, NR, mechanical, crystallization, morphology

1. INTRODUCTION

Thermoplastic  elastomers (TPEs) exhibit the
functional properties of conventional elastomeric
materials and can be processed with a thermoplastic
processing machine. Such materials have heterophase
morphology and can be produced either as block
copolymers or as blends. The hard domains of the TPEs
undergo dissociation at elevated temperatures. This allows
the material to flow. The hard domains are again
solidified when lowering the temperature. The strength
properties at service temperature are therefore improved.
The field of TPEs based on rubber-plastic blends has
grown large, giving two distinctly different classes. One
class consists of a sumple blend and 1s commonly called a
thermoplastic  elastomer  polyolefin ~ (TEO)  or
thermoplastic polyolefin (TPO). In the other class, the
rubber phase 1s dynamically wvulcamized, giving rise to
thermoplastic vulcanizates (TPVs) or elastomeric alloys
(EAs) [1]. TPEs of natural rubber (NR) and thermoplastic
blends are known as thermoplastic NRs (TPNRs). NR has
an inherent affimty with some olefin thermoplastic that
permits the formation of TPWVs characterized by sub-
micron scale morphologies and excellent physical
properties.

Some studies on TPVs based on natural rubber (NR)
and polypropylene (PP) have been reported [2-10]. The
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NR/PP TPVs, developed by the Malaysian Rubber
Producers’ Research Association (MRPRA), could
replace vulcanized rubber in end products where high
resilience and strength were not essential but good low
temperature performance was needed. [11] They could
also replace flexible plastics, suc. h as plasticized PVC,
ethylene wvinyl acetate (EVA) and polypropylene
copolymers [12]. Various crosslinking systems were
emplovyed, peroxides and sulfur systems [6. 12].

In this work “an attempt was made to prepare
TPNREs based on the blending of NR and PP via a
dynamic vulcamzation process. Various blend ratios of
PPNE were studied. Furthermore, the mechanical
properties, crystallization behavior and morphological
properties of the blends were mvestigated.

2. Experimental
2.1. Materials

The NR used as a blend component was a rubber
smoked sheet (RSS-1). The polypropylene (PP) used as a
blend component was manufactured by the Thar
Polypropylene Co., Ltd (Thailand). The PP was an
injection grade, P700J with a melt flow index (MFI) of
120g 107 min’! (2.16 Kg load at 230 °C) and a density of
091 g em?® The zinc oxide used as an activator was
manufactured by the Global Chemical Co.. Litd,
Samutprakarn, Thailand. The stearic acid also used as an
activator was manufactured by the Imperial Chemucal Co.,
Ltd. (Pathumthami, Thailand). The sulphur used as a
vuleamzing agent was manufactured by Ajax Chemical
Co., Ltd. (Samutprakarn, Thailand). The 2.2-
Mercaptobenzothiazole (MBT) used as an accelerator was
manufactured by Flexsys (USA) The polyphenolic
additive, Wingstays® L. used as an antioxidant was
manufactured by Eliokem Inc. (Ohio, USA)

2.2 Preparation of thermoplastic vulcanizates based
on PP/NR blends

PP and NR blends were prepared in various blend
ratio. Various blend ratio of PP/NR blends n this studied
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were 80/20, 70/30, 60/40, 50/50 and 40/60. Blending was
carried out via a melt mixing process using an internal
mixer, the Brabender Plasticorder, model PLE331
(Brabender OHG Duisburg, Germany) with a mixing
chamber of 55 cm’ capacity. The thermoplastic
component, PP, was first dried in a hot air oven at 50 °C
for at least 10 h and later introduced into the nuxing
chamber. Mixing was performed for 3 mun at a rotor
speed of 60 rpm at 180 °C. The NR was added and mixed
for 2 mun. The other chemicals (as indicated in Table 1)
were incorporated into the mixing chamber as a mixing
schedule shown in Table 2. The blending products were
later cut into small pieces using a Bosco plastic grinder
(Bosco engineering, Samutparkam, Thailand). The
mechanical properties, crystallization behavior and
morphological properties were later investigated.

Table 1

Compounding formulations of natural rubber (NR) used
to prepare the TPVs

Ingredient Quantity (phr)
NR 100

Zno 5.0

Stearic acid 1.0

Wingstay L 2.0

MBT 0.8

Sulphur 2.0

Wax® 10 wit%

*Wax 10% by weight of polymer in the blend

2.3 Mechanical testing

Tensile testing of the samples was performed at
2522 °C at a crosshead speed of 500 mmmin™ according
to ISO 37. The instrument used was Universal Testing
Machine, model LRS0K manufactured by LLOYD
Instruments Co., Ltd, UK. The dumbbell shaped
specimens, 2 mm thick, were prepared by a ARBURG
Injection molding machine . model 320 C 600-250,
ARBURG Co., Ltd, Germany.

2.4 Crystallization behavior

The crystallization behaviors of the samples were
mvestigated using a Perkin—Elmer DSC 7 analyzer
equipped with an external-cooler. The specimens were
first melted at 200 °C for 1 nun, and then cooled to 50 °C
at rates 20°C/min. The crystallized specimens were
subsequently heated at 20 °C/min to depict the
corresponding  melting  behaviors. For  isothermal
crystallization experiments, the specimens were heated to
200 °C and held for 1 mun.

2.5 Morphoriogical observations

Morphological studies were carried out using a

scanning electron microscope (SEM), model MX 2000
(Cam Scan Co., Ltd). Moulded sampled of the NR/PP
TPVs were cryogenically fractured m liquid nitrogen to
avold any possibility of phase deformation during the
fracture process. The PP phase was preferentially
extracted by immersing the fractured surface mto xylene
at 110°C for 30 mun. The samples were later dried in a
vacuum oven at 40°C for 12 lrs to eliminate
contamination of the solvent. The dried swfaces were
gold-coated before scanning.

Table 2
Mixing schedule
Ingredient Mixing time (min})
PP 3
NR 3
Zn0 1
Stearic acid 1
Wingstay L 1
MBT 1
Sulphur Until optimum cure
Wax 3

3. Result and discussion
3.1 Mechanical properties

Fig. 1 shows tensile strength for various TPVs
based on PP/NR blends with various blend rato. It can be
seen that addition of increased polypropylene confent
caused an improvement in the tensile strength. Fig. 2
shows ultimate elongation for various TPVs based on
PP/NR. blends with various blend ratio. It can be seen that
40/60 and. 50/50 PP/NR blend ratio mcreased ultimate
elongation with increasing cause when increased PP
Content, NR phase in 40/60 PP/NR blend ratio were
changed from NR matrix to NR disperse in PP matrix,
therefore, the TPVs were lost mechamecal strength. The
TPVs m 50/50 PP/NR blend ratio which have more
ultimate tensile stress than TPVs 40/60 PP/NR blend ratio
because the morphology change to co-continuous phase.
However, TPVs have more PP content (60/40, 70/30 and
80/20 PP/NR blend ratio) lost ultimate tensile stress cause
TPVs have other morphology were PP were matrix and
vuleamzated rubber particle were dispersed phase. Fig.3.
shows modulus for various TPVs based on PP/NR blends
with various blend raio. It can be seen that the modulus of
TPVs were increased with PP content increased. The
TPVs with increasmg PP content in blends also exhibited
a greater improvement in tensile strength and modulus
caused main properties about strength were controlled by
PP matrix. Fig.4. shows tensile stress at yield for various
TPVs based on PP/NR blends with various blend ratio. It
can be seen that 3 blend ratio of TPVs were shown tensile
stress at yield were 40/60, 50/50 and 60/40 showed tensile
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Fig.1. Tensile strength of thermoplastic vulcamzates of PP/NR. blends with various blend ratio
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Fig.2. Ultimate elongation of thermoplastic vulcanizates of PP/NR blends with various blend ratio
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Fig.3. Modulus of thermoplastic vulcanizates of PP/NR blends with various blend ratio
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Fig.4. Tensile stress at yield of thermoplastic vulcamzates
of PP/NR blends with various blend ratio
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Fig5. Delta H value of thermoplastic vulcanizates of
PP/NR blends with various blend ratio

3.2 Crystallization behavior

Fig.5. Shows delta H value for various TPVs based
on PP/NR blends with various blend ratio. It can be seen
that all blend ratio of TPVs were not sigmficant changed
for delta H value.

3.3 Scanning Electron Microscopy

The xylene etched cryogenic fracture surfaces of the
TPVs are shown i Fig. 6. The PP phase was
preferentially dissolved m xylene at an elevated
temperature which left un-dissolved small spheres of
vulcanized rubber particles adhered to the surface. Also,
the previous location of the PP phase was etched and
transformed to give cavitation. Fig.6. Show in the SEM
micrographs of TPVs based on PP/NR blends with
various blend ratio. It 1s seen that Fig 6.(B)-(D) shows
vulcanized rubber particles dispersed in the PP matrix but
at 40/60 PP/NR blend ratio the NR phase were matrix.
Therefore, 40/60 PP/NR blend ratio had lowest
mechanical properties.
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Fig.6. SEM micrographs of TPVs based on PP/NR blends
with various blend ratio. (A) PP/NR = 40/60, (B) PP/NR
= 50/50, (C) PP/NR = 60/40, (D) PP/NR = 70/30 and (E)
PP/NR. = 80/20.

4. Conclussion

In this work, an attempt was made to prepare
TPNRs based on the blending of NR and PP wvia a
dynamic vulcamization process. Influence of various blend
ratios of PP/NR to mechanical properties, crystallization
behavior and morphological properties were studied. The
blend ratio in this work were 40/60, 50/50, 60/40, 73/30
and 80/20 PP/NR_ It found that increasing PP content in
the blends with increased tensile strength respectively.
The highest ultimate tensile stress were 50/50 PP/NR
TPV. Modulus were mcreased with increasing PP content
in the blends. In the Tensile stress at yield value, 60/40
PP/NR TPV were highest, 40/60 PP/NR TPV were lowest
and 50/50 PP/NR TPV showed intermediate values.
Influence of blend raio of PP/NR TPV to crystallization
behavior it 1s seen that blend ratio not effect to delta H of
TPVs.In morphological property, it is seen that 40/60
PP/NR TPV showed that NR were matrix in the blend,
50/50 PP/NR TPV showed that the blend of TPV were co-
continuous phase and 60/40, 70/30 and 80/20 PP/NR TPV
showed that PP were matrix with vulcamzated small
rubber particles were dispersed.
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