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Abstract

Project Code: RMU4880037

Project Title: A study of filler reinforcement mechanism in blends of natural rubber and
chlorinated polyethylene

Investigator: Chakrit Sirisinha, Department of Chemistry, Faculty of Science, Mahidol
University

E-mail Address: sccsr@mahidol.ac.th; cs018072742@yahoo.com

Project Period: 3 years

Blends of elastomeric chlorinated polyethylene (CPE) and natural rubber (NR) at blend
composition ratio of 80/20 CPE/NR with various loadings of precipitated silica and kaolin
clay were prepared. By the use of rheological approaches, a mechanism of silica
reinforcement was proposed. Results obtained reveal that the viscoelastic behaviour of
blends is influenced remarkably by loadings of silica. A cure promotion phenomenon is
found as silica is loaded due probably to the strong silica-CPE interaction and/or a
reduction in curative absorption on silica surfaces. A strong Payne effect is observed which
is increased by a rise in silica loading, implying a formation of pseudo-crosslink via a
physical interaction which could be disrupted at high strain of deformation. The proposed
mechanism of silica reinforcement based on a formation of pseudo-crosslink is validated by
the deactivation of silanol groups on silica surfaces using silane coupling agents. The Si-69
silane is found to be more effective in suppressing the pseudo-crosslink than Si-264. Also,
there is an uneven silica distribution at high silica loading caused mainly by the strong
silica-CPE interaction which could be suppressed by addition of silane coupling agents. As
expected, Kaolin clay exhibits a slight cure promotion phenomenon with no significant
reinforcement due to its low content of silanol groups with small surface area. In the case
of organoclay filled blend nanocomposites, similar cure and rheological result trends to
those of silica filled blends have been observed. Reinforcement magnitude of blend
nanocomposites depends strongly on organic modification of nanoclays. Both chemical and

physical interactions are responsible for the reinforcement.

Keywords: Viscoelastic properties; Rheology; Chlorinated polyethylene; Natural rubber;

Reinforcement
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Materials Chemical name Grade/Supplier

Tyrin 702P (36%Chlorine
Chlorinated Polyethylene (CPE) content)/DuPont Dow Elastomer

Polymer Co., Ltd., USA.
Natural rubber (NR) STR5/Thailand
Starmag # 150/Konoshima
Magnesium Oxide (MgO)
Activator and Chemical Co., Ltd., Japan




Acid acceptor

Activator

Stearic acid

Commercial grade/Petch Thai

Chemical Co., Ltd., Thailand

Vulcanising agent

Sulphur (Sg)

Commercial grade/Chemmin Co.

Ltd., Thailand

Accelerator

N-t-butyl-2-benzothiazole
sulfonamide (TBBS)

Santocure TBBS/Bayer Co., Ltd.,
USA.

Antioxidant

N- isopropyl- N’- phenyl- p-
phenylenediamine (IPPD)

Santoflex IPPD/Flexsys Co., Ltd.,

Belgium

Prevulcanisation

Inhibitor (PVI)

N-(cyclohexylthio)phthalimide
(CTP)

Santogard CTP/Flexsys Co., Ltd,
USA.

Hydraulic oil

Tellus 100/Shell Co., Ltd., Thailand

Staining agent

Osmium tetroxide (OsO,)

E.M. (2% in aqueous)/BecThai Co.,
Ltd., Thailand

Filler

Precipitated silica

HiSil 233/PPG-Siam Silica Co.,
Ltd., Thailand

Carbon black

N330/Thai carbon product Co.,
Ltd., Thailand

Kij Paiboon Chemical Ltd.,

China clay
Thailand
(i) Bentone34/Elementis, Belgium;
(i) Bentone38/Elementis, Belgium;
(iii) ARQUAD 2HT-75/ Akzo Nobel,
Organoclays

Singapore;
(iv) ARQUAD T-50 HFP,
Akzo Nobelbel, Sweden

Processing aids

Chlorinated paraffin oil

(i) Cereclor4b; (ii) Cereclor52/

Ineos Asiatic Chemical Co., Ltd.

Silane coupling

agent

Bis-(3-triethoxysilylpropyl)
tetrasulfane (Si-69, TESPT)

3-thiocyanatopropyl triethoxy
silane (Si-264, TCPTS)

JJDegussa (Thailand) Co., Ltd.,
Thailand




%

=i a A A a g
M13197 2 LAY N an b L ka3 D81

Instruments Supplier/Trade Mark
Two-roll mill Labtech model LRM 150
Mooney viscometer Tech pro model Visc-tech+
Hydraulic hot press Wabash Genesis Serie model G30H
Rubber processing analyser Alpha Technology model RPA 2000
Tensile tester Instron model 5569
Ageing oven Wallace model 213024
Parallel plate rheometer Physica model MCR 500
Dynamic mechanical thermal analyser | Gabo Qualimeter model Eplexor 25N
Instruments Supplier/Trade Mark
Microtome Leitz model 1400
Scanning electron microscope JEOL model JSM-6301 F
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FBUYiuaaTan (Wabash Genesis Series model G30H) figmunnliauiawn 155 °c muld
W99 15 MPa :nuuyinmIvaatduield CPE ulian erwnaimanzanlunmsauenald
qﬂmmmmvlﬁmmﬂ%ad Rubber processing analyser (Alpha Technology model RPA 2000)
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IHLLNWN‘WHQ%H’]?L?&JLﬂ@m’]‘JL"UaNIEIx‘] (Scorch time) L’JﬁﬁﬂﬂﬁdLﬂ@]ﬂ’]‘iﬁ!ﬂ@]’JﬁNHSm 99 %
. A 1 o d' . . [ 1 % A'
(Cure time) RIDANMUAULUUAUTL T BN 8 (Crosslink density) MINAFEUAINANI FELATD
Rubber Processing Analyser (RPA 2000) I@Uﬂ(ﬂaaun’mlﬁqmﬂgﬁ 155 °C aud 1 Hz
U310 Shear strain 15%.
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i1 Damping peak YasnadiNasuaazinalunafasNay laaRaTDIUSI M TaARIVD
@1 Damping peak Ba98n9uAaziNERaINITLENENTEALEL (R) dougasluaunsf 1 lapdnes
Wag g uaz f wanpiopnafliiduuss@ussady eusey sanaatandes 1 uaz 2 unuen
passzuunedweiiaiudazdlunefiwesuan  lusmeiigysnesal < (prime) " Yoven
suuwoRwoHay eatminlst w 1w Weight fraction vessnsendu 1z ldaunsi 2 6

UWEAIEIUETY  WNINNRLIIENNNTOLTBUEAIIRINVEY weight fraction vadaTALAN lwLARE
wavaanadwainan (w'y/ w') ndld duaasluaunia 3 uazauns 1 69 3 mwnIndagy

T laiduaunsn 4 uazilagmdl w'yand w', @28 100 fazladatudvasansananluna

awasudazig uIdpdh 1Ea309 Dynamic mechanical thermal analyzer (DMTA) nnale

9oAnYAN -100 to 50 °C @18 Heating rate 2 °C/min. @37 10 Hz

(tan ) . )max - (tan S, )maX
(tan3, ) .. (1)

' '
w=w, +w,

wi' Ri'R:
w2 R2'Ri (3)
’ RR,w
Wl = ’ ’
RIR2 +R2R1 (4)
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FUUANNT MaNinnTIaleunan Elastic modulus (G') ¢ Loss modulus (G”) @1 Complex

*

viscosity (1] ) uazfi1 Damping factor (tand)
= A
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MIANBFNLALUIIA (Tensile properties) nlasa1duLa3ed Instron universal tensile tester
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25 O 10 phr X 20 phr
20 1 =30phr 440 phr
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Torque (dN-m)

0 5 10 15 20 25 30
Time (mins)

a a Aan ] a s . a 6
E‘]J‘Y] 2 Na"lladﬂﬁ&ﬂmsﬁﬂﬂ’]@lan]@lﬂﬁi&lﬂ']‘iijﬂ@l'J (Cure behaviour) UaJWaRLUDINRY

30
< Scorch time
25 4 8 B .
O Cure time
~ 207 8
g
E 15 o
[}
.g [ m §
= A
10 = .
Lo
5 i
©
& ©
0 ‘ ‘
0 10 20 30 40 50 60
Silica loading (phr)

Eﬂﬁ 3 NavadUINNwEaN6adn Scorch time WAz Cure time UaIWaRLNATHAN
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Torque difference (dN-m)
L 4

0 10 20 30 40 50 60
Silica loading (phr)
U 4 NaURIUTINEAM A eI NN RILURW LB TaN 9 (Crosslink density) 284
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Torque difference (AN-m)
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Clay loading (phr)

gﬂﬁ 8 NavaIUSIIMTANGam AN NRIILUUAUTzTaN e (Crosslink density) U89

WaRLNATHEY

42. NIANEINADDIUSNIMEIIAANADFNITANIT RaUDINRLNDI HEN
421 Ban

L

4.2.1.1 WaRLNasNaNNANwSLanla9 (Cured blends)

NNNIANEIANNFNRUTIER I RBsLL s Banadnuagar (Elastic modulus, G') da

1 r=| A g lﬂl 1 1 g ‘ﬂl = o.

danuiaTuaidiau (Payne effect) asuaailugl 9 wuiidvasnagasfinnuaioad (G
. A J a aa A a a 6 di a

at low strain) ifgauamudTanawasdinmndusslluwafweinay lasawiziladianm

aa 1 A = U a . . . .

PaNIUINNII 10 phr TIN50t Ue leannILAe Tri-dimensional transient network 289

Fan mumaﬁu'ﬁxvl,aimwmaamﬂ,eﬁmuaa LRY/MID é’umﬁ%miwhmaﬁivl,sﬁmuaaﬁ'u

ﬂaa'%uuulmaqamaa CPE

lagnanmiududiavimidsuindizasdansiuvagasvassnnlauaz lilading (Relative
modulus) NUINMEA&IBUINIAT (Volume fraction) 2a3GRN1aN&uN1s Guth and Gold
(®WN15N 1) Wuie1 Relative modulus Adwimwlasiuazlaisiuiisnavas Tri-dimensional
{ a £ 1 Aaa o & { .
transient network filindinIzwinsaunadan [1-3] eenwilallIsuineunaues Relative
AV o ~ o A o o A = v A o
modulus 71ldanmImesesfisuiufldanmasuwim U 10) aziuldidnldanns
1 1 1 o { =3 aa g; 1 | U &
naaadlaginiidnannsdwisnn laswwiznUTinmdiniaud 10 phr Huduly B
Nam‘imaaaﬁ"lﬁaﬁfumguﬁwa%msJLﬁmﬁ’uLa‘%mlﬁawaﬁL&l@%ﬂﬁﬂ@mmﬂam%ﬁmmuma

Tri-dimensional transient network @4N&17
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loy G uaz G, \dudwegasvainafweinTuazldlansdudn anuddy a1 uen

fFadIuuadanIaLdnlasUSunas (Filler volume fraction)
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P s @ € 1 a 1A a o ' 1 a I~
E‘]J‘Yl 9 mmauwuﬁs:wmmuﬂawuﬂmmama@ﬂwa@aamammmmm@mau

(Payne effect) TaInadnasnauninusziTanloslaoiUSunadanianany
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4
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=
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[~7 4 -
L
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0
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Volume fraction of silica
A a aa Aa . 4 @ ' o AN o o
Eﬂ‘l’l 10 Namaaﬂimmmamm@amamﬂmuuagaaﬂvlmnﬂmsmmmua:
IINNIINAND
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gﬂ‘ﬁ' 11 LLam@hEma@nuagé’a@iamnﬂﬁwuﬂaammﬁmaawaﬁma%mawﬁﬂ%mm%m
G19N mmimﬁuvlﬁaaiwﬁ'm%u’j']LLmIﬁwaaﬂ'waa'émﬁnwagé’aﬁmmﬂﬁwmﬁaﬁ’uwah
Eﬂﬁ 9 uaﬂmﬂffwamaa Damping factor ﬁLLa@ﬂugﬂﬁ 12 URAITIAN Damping factor ﬁ(ﬁl’ma
LLa:ﬂuvawiammﬁﬁﬁayaaLﬁaﬂ%mm%mgoﬁu I@nwamiwmaoﬁandﬂaﬁfuagu
A0 LN LRI NI LT IN D AL BN FNIZAINLNIAR DS AN WO AL T AU LI TIINTR
\AAIINNNT  Tri-dimensional transient network UaITANT SIWAUNIINNIUATNILITZHIN

waRlNasHaNNUEanT fenalhdnginssuadtenun1sinussidenloafisy (Pseudo-

crosslink)
10000
= 4+ e
A ++ +F
+ °
E o 00 XIER XS
E xx X 0T 4 i
S X xx X “‘“.
2 100 ‘ ¢ Ophr W 5phr
v =
‘E‘ A 10phr  X20 phr
X30phr @40 phr
+ 50 phr
10
0.1 1 10 100 1000
Frequency (rad/s)
~ [ @ 6 1 1A a o 1 A a [ 4 AA o
Eﬂ‘l’l 11 mmawwum:mwmama@ﬂuag]aa@]ammmaawaaL&Jaswawmwuﬁ:
TauloslasfidSanmdanmearann
1
& Ophr B 5phr A10phr
X20 phr X30phr @40 phr
1
o =+ 50 phr
: -
S
Z YY) “h
(="
£
8 L SRS B, L
0.1
0.1 1 10 100 1000
Frequency (rad/s)
A o o ¢ ' . ' A a & A |a
Elh’l 12 ANVURINUDIZ1INN Damping factor fAaANNNVINDRLNAINFUNUINI
FANG19N
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4.2.1.2 HaGaNaALNDIHANT L dNwsziBanles (Uncured blends)

Lﬁal,ﬂ%smL‘ﬁﬂ‘uﬁ'uwaﬁma%mamﬁﬁﬁuﬁu%aﬂmﬁaLLam"l’E”ﬁauﬁﬁ’]f:’Lugﬂﬁ 9 914 12 WU
HAN1INARaIAIRENTaNTInavesnedwasnan il wnssitanlosasldnaluanwme
@i eanwRsaTEaUANNTALEn (Magnitude) Rannnn Seenaditfiananmifissuud
ANnuniiadininsstaele Tri-dimensional  transient network  TasEANAdasaNdENNT
m%‘lauvl,mmaﬂmaqa (Molecular mobility) tia lad1an3n ﬁGLLa@GIuEﬂ‘ﬁI 13 04 15

10000
¢ Ophr = 5phr
+
i oo ps p5y & A 10phr X 20phr
£ 1000 3 XX X XX x; Tt_‘,_ X 30phr 40 phr
% i XX X XXX xx §§x§ + 50 phr
= - X
= 4 4 M A %
3 100} Q,Q...ﬁt ut‘,.‘i g
=} i ‘ g
£ ¢
= w0} $
1
0.1 1 10 100 1000 10000
Strain (%)
A “ o ¢ . A A A o a A
Elh’l 13 ﬂ’ﬂllﬁ&lwuﬁizﬁ']’]dﬂ’]ﬂﬂE‘lU%LLU@G@WB@’]&@HNB@N&@aﬂﬁﬂ’]’]NLﬂiﬂﬂLﬁlﬂ%
a 6 A 1 o A A A an ] >
(Payne effect) °11€]\‘]‘WE]aLNB?N@&IY]VL&INW%TEZL%E’JNIEHI@U?Jﬂi&ﬂm‘ﬁaﬂqﬁﬂ’]dﬂu
30
25 | & Experiment *
20 | m Guth-Gold equation
© .
.E 15 1
=
%)
& 10 |
*
3 *
o @ = = =t -
0 0.05 0.1 0.15 0.2 0.25
Volume fraction of silica
dl a aa clld 1 1 s 1 s dl v o
E‘]_I‘Yl 14 wamaaﬂsmmmam‘nmamamﬂmuua@aaﬂ"l@ﬁnﬂﬂﬁmu’ml,l,l,a:

a 6 P 1 o o
IMNNIINAIDIVDINDALN aﬁNﬁlvall&IW%ﬁzL"ﬁallIU\‘]
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10000 F
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g o oo o00°°® SORRRIORRRK
= - XK XK
= 1000 X xxxxxxxxxx xXXW
= ! XxXXxxxx
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o AAASET,
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2 i N SN phr phr phr
. X 20 phr X 30 phr ® 40 phr
+ 50 phr
10 E—
0.1 1 10 100 1000
Strain (%)
A [ @ & ' A Aa a ' A a [ A o
E‘]J‘Yl 15 m’ma&lwuﬁizmwmamamﬂ&la@aa@lammnmadwaamammmvlamwuﬁ:

dl = a ana 1 >
WanlaslaodUSu1mEand19n

422 AWV

o A e A o a1 a & o a Ada y A ad da o o«
mﬂmmﬂumm’n@mnLﬂuaﬁmmmwm@atgmﬂlmy wIalNwnRItasNnlTlung
a@Lﬁawaamaﬁﬁaa@ﬁunumswﬁm 2t lsnanw Lﬁaaﬁnﬂuuﬁmaaaumnﬁﬁgvl,amaﬂ%a
(Hydroxyl) ﬂi:ﬂauagﬂﬁﬂﬂﬂﬁaﬁu%m uaa2uUSuImntasnIn é’aﬁfu;ﬁ%’m%aﬁaomiﬁﬂm
a =) =) s aa 1 wa dl U dl

NAUBIARIINYT UL AN UER N I EI RV IRV ANIT IAA Namimaawvlml,a@ﬂugﬂﬂ 16
azl,ﬁuvl@i"azm%’mw’jﬁmnﬁwa@iam'émaaﬂua-g}é’aﬁaﬂLﬁal,ﬁsmﬁ'u%am (Eﬂﬁ 9) Wi
ﬂ%mmﬂlaaaumngaﬁa 90 phr fﬁﬂ@mﬂiﬂamnﬁm@maauagé’aﬁ'ﬂﬂ%mmm‘sé‘;Lamﬁ@ﬂﬁ
ANWAVBI Hydrodynamic effect La/M3a dUATNILITERINRITAUAN HIDITRINEIALGY
v a ' a g ' A £ o o ' ' a
AUWaaLNas Lmlumrﬁmamumnﬁmmwmsmwmlaoua@aamnmmwxLﬂ@ﬁnﬂwamaa
Hydrodynamic effect YINNIHAVBINITLAG Tri-dimensional transient network a3finana lilu
NIaU0IBanT lauRasmnanm el Relative modulus  ddlnatAganuamiinguii

AWITWANNRENNNT Guth & Gold é’mamlugﬂﬁ 17
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= Clay 90 phr !
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P v o ¢ ! d' P a a [ R a A
Eﬂﬂ 16 ﬂ’a’mmlwu'ﬁim’ndﬂ’mﬂaﬂmtﬂaamama@ﬂuag}aa@amm’mmimmau
a 6 AA o A Aa A a ' a
°]Ja\‘]‘WaﬂLN@?NﬁNﬂNW%ﬁH"ﬁQNIUGI@ﬂwﬂfuqm@umqﬁ@nﬁﬂ%
3.00
B Guth-Gold ti
u ‘0 equation . ‘
2.50 4 ® Experimental
‘ ]
2.00 1
0 [
2z 1.50
3 &
1.00 .
0.50
0.00 ‘ ‘ ‘ ‘ ‘
0 0.05 0.1 0.15 0.2 0.25 0.3
Volume fraction of clay
P a a Aa 4w . o A o o
Elh’] 17 leadﬂimm@um’rmm]amam’\muwaQaaﬂvl,@ﬁl’mﬂ’ﬁﬂ’m’amua:ﬁnﬂ

AA o

MINARLY (Relative modulus) VadnadiuasnanNinusziTanles

uanmnﬁ?mamimaawawagﬁaﬁamiLﬂ?z'sJuLuJmmﬁuf’iluﬂstﬁmaoaumné’ma@ﬂugﬂﬁ
18 Huwrlinfidrsannidaesdaniiuagisunn nanfa @imagé'amaawaﬁmai‘wawﬁ
USunmuAnan1g4na 90 phr FansdninlunsdiGaniiies 50 phr uagneann Sefusuie
mmmmsn‘lumsm’%uLLsaﬁﬁfaﬂﬂ’hé'mﬁaommﬂmsﬁvlmﬁ@ Tri-dimensional transient

network @371 lananantfewnind  lunstiaesdn Damping factor YasnadtNasHaNARAUY?
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TutSanaenenu asuaaslugdfl 19 woddl Damping factor Nldldfianauane1s uazdien
1 o A A J =3 & [ P L A 1A a . . .
aaadatItalamlanuigedu Jandunanguntudunisnlidninfia  Tri-dimensional

transient network TaIWaRLNAIN AU
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43  NIANBINAYAIUSHIMEIIAIANAD AN ANIINWHIN LA AINI DY
431 Ban

4.3.1.1 ENUANITNHIIN®

M ARV ANBININW I ITUIFLRLI AN RN ABINA A URRINTITUS lssina A s unuAawnIT

\ S o X . i ad o \ & ad A o awo v A
wiluiinais (Relative mechanical properties) lagatsadnanndudsnlsunlunuissneunind
(MuN@IENIT8 RSA/20/2545) Fslikanimmaaasidunvinala lagdialaazrzriand
NI LTI WY D INRN N TN LI U 89N LU R UL A IFNUALBINANIIRAINTIILT L1139 WNANTT
NARDILRAIALABINTITNITANERN R I UN RN AT HANALL RS UL TINARLNDT LA DN ITALA
LL@i"L&iﬁ%aNa@iamiﬂ%'uﬂqaauﬁ'@wuﬁwﬁumﬂ@ﬁfﬂ é’auamlugﬂﬁ 20 WAy 21 NIRARI
L§mfamlaamJﬂ’aﬂuﬁwﬂ’uﬁﬂ%mm%mgammwLﬁmnﬂmia@awaammLﬂu{hmaas:uu
HIuN19UjA381n13290e HCI  (Dehydrochlorination) UadtWa CPE — uanani n13iiia

A A o a a & A a & 1 A

MaFauENWIIWE NR Liasunnanuiawmziaisuwediua uanngmwniigeitiniez

Lﬂumm@lmadmm@aaé‘dﬂénﬁaULﬁuﬁu
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i |
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o
z ] 3
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g - .
= §
= ¢ ¢
1.0 1 . .
[m] Before 011 mmersion
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104 (relative modulus) VadnafuasHaNAUSINATRNE19NY
4.3.1.2 NUANIINWANNIAN

lunstasgutanuaNTaw NUIMSENGENNAET sflﬁmwagé'maawaama‘?maummé’o
myauneldninusau (Thermal ageing) gai{uama%’@mu‘[@mawwﬂmzuuﬁﬁﬂ%mm%m
gdé’duamlugﬂﬁ 22 1aanNaaInaIAnIINMI AN RATASNTERINIARDILULANNORLETAY
Auganmamerinmsauneldanuion safinan linewning mainsunadansadums

A o ° ' a  w aa . . [ ' @ &
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432 @AWY
4.3.2.1 ANUANITNHIIN®
NANTINARS MbLIUAIRNT AN INWIN N WY 8IGUIN leRanuasaafsnulunItivag
FAMNNAIN A NaMAUSN IV IAUYD "L&J'dwiammﬂ?zwuﬂmuagé’amwé’amiw
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4.3.2.2 ANTANIINWAINITDW

gﬂﬁ 25 LRAIRNTANIINUBAINNTaUYDINA RN SHIUNUS NI IAUVIIAN1INY AL LBt
> 1 a =) =) 1 v =Y = 1 ' Q { J
‘mLam’nmimmumnaa"l,ﬂluwaama%mawaawa‘l%waama‘?maumﬂmaﬁmua@aaﬁgwu
= v v =) Q { J Qo 1 v 1 ana
mMonaimIaunieldanusan T,@mﬂsmmmagaaﬁgwumﬂmmzuaumﬂumﬂmaasﬁam
A = A o A |1a A & da a A v
(937 22) FIRIN1TNOTUNE LaNN1INUSu b laaTanda wasNwNHIvaIawINdA ke
N91Ua9TENT wIao1ana N lainlunIduaIna RN SNENNLANAWYIY USu1 o wa NI

TERINAUVININUARDILULANNARLATAWN AU ININAUATAILNNUTAN LA
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4.4. N3ANBING LNNISLESNUIIVDIAIIAIAN

= 1 c:lv & nﬂl a 6 a n:ll 1 a dl a J a 6
Twn13@n W R Hunnesasiwafigadsuydgiwidinnmaisiuussiiieduuaswedivas
Nauﬁ@umiéﬁLauLﬁ(ﬂmﬂSumﬁ%mizmwmgvlsnmuaamaqﬁ?ﬁmﬁmaa’%umamaa’%mmw

A aa A« oA . a & ~ A a & o : o
wodlaTaunduiwadaiilas (Matrix)  luwadinasuanit smmswgﬁmmﬂmaﬂi:mi@ﬂmi
\inasgaanloan (Silane coupling agent) 831y iivalwnidanand (Alkoxy group) 183a3g)
arvlaauiilfasenung laaweavuiiading Mlkanusuisalumsifiaduasien
sm’j'}mg%muaamaa%’ﬁmﬁuﬂaa’%wnamaa’%mm'ﬂwaﬁLa%ﬁua@m I@maﬁ@jﬂ’su"lsﬁl,auﬁ

15l witdl 2 vha ﬁﬁmmLL@m@hﬂuﬁmmawm@ﬂwLaqaLLa:ahmuﬁwuzﬁu’LuImdﬁN
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aulawn bis-(3-triethoxysilylpropyl) tetrasulfane (Si-69) ez 3-thiocyanatopropyl triethoxy
silane (Si-264) é’dLLam'lﬂugﬂﬁ 26

CH,—O,
E:::Ilj—g;ﬁ—-CI-.z—CHz—C B cu_o
S 3 CH,—0-Si_CH,—CH, CH,SCN
CH,—0 3 CH-07
C,H,— O-Si-CH,—CH,—CH,—5
C,H,— 0"
$i69 Si-264
U7 26 Tas9a9nmaLa i aamsﬁmﬂmauﬁlﬂumimaaa

gﬂ‘ﬁ' 27 URAY Optimum cure time (tyg) maawa?zL:uas‘wawﬁ'ﬁmnawmiﬁjmu"l,smausl,uﬂ%mm
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FIUAINATI ANAINLAAINNNAVEY Plasticising effect Na1A8 awﬂmu"LmaudawalﬁLﬁ@ﬂﬁ
AAAIVBIANNRIATBILIADNNIIR (@T@melugﬂﬁ 28) HIMuNBHINITAARIVS Thermal
history l4819ABNNIAAINETD  PEIUVBIANMNRWILUUNUTZT Y (Crosslink density) @9
melugﬂﬁ 29 iafansanandianuuandsvasussialu Cure curves wudn wiloufia
UFu1m Si-69 mmvsmLLﬂuﬁutﬁz"ﬁwﬁﬂ%mma@aaLLazL‘*ﬁﬁjmmﬁLﬁaﬂ%mm Si-69 GIud 4
phr Juauld lunsdives Si-264  wuinnsién Si-264 TudSunas 0.5 phr &IHALRAINY
WL UWABTE TS US N e A dLanToy walliolRNUSUIm Si264  USHNIANURUILIIG
Wusziunaundwatnedaios  wasiafansonluwudvasnsaSunsefiidswlans
Unmuazsiiavesansgaiuloan é’ummlugﬂﬁ 30 wuin lunsd@inld si-e9 \Duansdaiu
USunmmaiiia Payne effect fisndninlunsdives Si-2e4 ﬁﬂ%mmmsgjmﬂmau%ﬁd § &9
AaIAaINNIsh Si-69 H511an Alkoxy groups ﬁ’ﬂ‘zLﬁ@]ﬂﬁﬁ%ﬂ’]ﬁﬂ%}ﬂ‘ﬁmuaaﬁJ’]ﬂﬂ’i’] Si-
264 V‘iﬂﬁmimmaaé’umﬁ%ms:ijﬂaa‘%uﬁ'uw%i"lsﬁmuaaﬂﬁﬁﬂizﬁw’ﬁmwmﬂﬂ'ﬁ’l R
@imagﬁaﬁaa@admﬂﬂdw ﬁnn“ﬁagaﬁgmmfr Lflumiﬁgﬁ]ﬂﬁdwmﬂsﬁuLmﬁtﬁ@%ﬂuwaa
DS HRUTERINIARDS AN WA R LA T AU UENIFITNT ANV N R AR NEWATASEN
i:%’mﬂaa’%uﬁ'umgvleﬁmuamﬂuéﬂﬁfy wanwite'lUannauas Hydrodynamic effect finsna
Vrawniini
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gﬂﬁ 28

Time (min)

Complex viscosity (Pa.s)
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81 &si69 ;

16 W Si-264 |

O T T T T
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Silane loading (phr)

Optimum cure time (tc90) VaswadtNasTHaNNTRaLAzUTI I

ms@;mu"lsmammﬁ'u
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Complex viscosity maawaﬁma%wauﬁﬂjﬁ@Lm:ﬂ%mmawsejﬂ';u"lml,au@i’mﬁ'u
(Si-69 (3U a) uaz Si-264 (31 b))
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1.E+07 1
(b)

@ 1.E+06 - ﬁ ©0 phr
« ]
& 1 ﬁﬁ ﬁ 00.5 phr
‘@ ﬁﬁﬁ A2 phr
S
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> 1 ﬁ
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=
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o 4
S 1E+04 - +10 phr

1.E+03

0.1 1 10 100 1000

Frequency (rad/s)

gﬂﬁ 28(6in)  Complex viscosity ma\‘iwaaLua§wauﬁmﬁ@Ll,a:ﬂ%mmmsgimuvlmammﬁ'u
(Si-69 (3u a) uwaez Si-264 (31 b))

10

@ Si-69 W Si-264
a ¥
_ [ |
S
;f; [ ]
= 'H ]
i "
6 i ¥
3 * i
5 T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
Silane loading (phr)
gﬂﬁ 29 Torque difference maawa§Luaﬁfwauﬁf’nﬁﬂu,a:ﬂ'%mmmsfjmu"lmau@mﬁ'u
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Elastic modulus (kPa)

1

1

Elastic modulus (kPa)

200
<0 phr
000 o P
o oxes N 00.5 phr
800 A2 phr
o
goof oo o X4 phr
600 | A A% Ap O 0
$RT Y 2 .
400 1 ® 5 %g 8 O 8 phr
% =+ 10 phr
200 .
]
0 ..‘
0.1 1 10 100 1000
Strain (%)
(a) Si-69
1000
OO
900 1 o © %6 &0 phr
800 1 00.5 phr
oo® og °
700 (m] O o A2 phr
1 (m]
600 Q QQQ QQ A D; X4 phr
5001 ROA0 X 6 phr
400
O 8 phr
300 A
Q& +10 phr
200 '
100
Wy
0 : : |
0.1 1 10 100 1000
Strain (%)
(b) Si-264

mmé’uﬁ'ufszwmmuﬂﬁsluu,ﬂaam?]maaﬂua@é'a@ia@hmmm’%ﬂmﬁau

a 6 A o A A A A '
°lla\‘]WE]aLNBSNK&W]&IW%'D‘&L‘HP]SJIUGI@Elll“]j%(ﬂLLﬂZﬂS&l'lmﬂ’ﬁﬂﬂ’Jlle"ﬁLa%

d19n; Si-69 (31 a); Si-264 (31 b)
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4.5. N13N321909d 1IN NAN TwuaaziNgUaIND A LNDI AN

4.5.1 HayaIUINIMBAN

3U7 31 wsadliiAuninda@ndanasluluwefiwesuan d1284 damping factor aziidnanad
Q/ A a Aa A 1 A . . =
duiilasananminaasvasdSinounanlautifngunila (Viscoelastic phase) lawiSuim

ATaAaIVBIAN damping factor (%R) adnTaltUivanysuamuesdanftn lunszaseaalu

wWanuagle lasardeaunisi 1 89 4 (luduvesitnased) lasdl w';and w', WnuaasIn

lagsiwnn (Weight fraction) vadansaltdusdanafiuasuaulmnwad 1 waz 2 aud1au [4-5]

0.9
081 <©Unfiilled
0.7 1 010 phr
E 0.5 X 30 phr
e 040 phr
2041 +s0phr
5 0.3
0.2
0.1
0.0 ‘ " " . . . .
-100 -80 -60 -40 -20 0 20 40 60
Temperature (0C)
= . a 6 A a aa 1 a
E']_h’l 31 Damping factor PYAIWARLNDINRUNYINUTRINIG19N

nafildannmsdmmuaas 3luaned 3 andunlailutusndimldidnldeglunaas
NR IntSinadndifesnulwnaues CPE wifiuna NR azlienuiiuinstosnindam 4
su130esuneldnauniieNdve s Wgs19I5ITNTIA8WLa98191N Thermo-oxidative
degradation mm:ﬁﬁmim’%wwaﬁma%mawﬁ'qmﬁgﬁgjdﬁamﬁﬁ’mﬁaﬁﬂﬁmwaﬁau%ﬁwﬁ
wazifialSunasdan i I luwaues NR annau ssnaliananiiauasvs NR gaﬁmudawa
Iwdansuaswliidrluwnauas CPE 1w 1ia99nauaInsonAussssninedaniiu
CPE  wananiud mifdandnluluwauas CPE ﬁﬂ%mw’?jamqa HIRINGA LbuUD
FUIIWINGVBINORLNAINEN (Phase morphology) é’aauﬁu"lﬁmﬂgﬂﬁ 32 edSunadam
luiWguas CPE ‘ﬁlLﬂuLWa@iaLﬁawaawaﬁma%wawga%u SuansonfAadussnalwaanu
niavadlNg CPE gﬁw‘%aL‘gaﬂsziﬂﬁﬁ@iamnﬁwmnmnéﬁaaﬂmaawxla NR  wwnansods

¥ v Adg A A a aa a 6 nql/
ﬂ’]’]ﬁJL“ll’]ﬂ%vL@"ll aas:uuwmumauﬂ'm@msmﬂ’mavlﬂluuwaamaiwamzuuu
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"1 3k 0.1
172 m vy
L -

(e) SiO, 30 phr (f) SiO, 40 phr

(g) SiO, 50 phr

Scanning electron micrographs (x 5000) TadwadlNasNaNNUSu1MTEMN

@A9nN
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P 2 an ' a 6 A a aa a ] [
@13 N 3 SIREVRIS awamlmm NYINRVAIWORLNDINFNN L@I&l‘ﬁaﬂ’ﬂ%ﬂill']m@nﬁﬂ%

CPE/NR blends with

Percentage of silica migrate to distribution in each phase of

silica loading blends (%)
(phr) CPE phase NR phase
10.0 50.4624 49.5375
20.0 54.2875 457124
30.0 54.0500 45.9499
40.0 58.5523 41.4476
50.0 63.9546 36.0454

4.5.2 Namawﬁﬂu,azﬂ'%mma'ﬁ@:ﬂ'mvlmau

gﬂﬁ' 33 war@1397 4 ugasldiAndonsauntas Damping properties BasWoRLNBSHENT
ﬂ%uﬁm@haﬁumaamiﬁmuvl,émawﬁﬁ@ Si-69 aAnldagnetaaninAanisiaen (Shift) V-
Tg Vlﬂﬁqmwn“ﬁgﬁuazha%maulmﬂmm NR
dndeslwwawas CPE Svatngldnnmafinduuaznsanasuessuasnsonszniiedam

N NR WRZITWINNTANINU CPE  @u&au

A a A A Ao
TuvmeNAanI9La au"l,ﬂwqmﬁn“umm

Ty awaIATLNAINEIEINALALAANT

dl a Aaa dl s 1 a 6 [
1R uL RIS NN MERMNN TN LA LA R W RUBIN D RLUATHRNG L

ot
S
<
&
£
="
£
<
(=)
Temperature (0C)
= . a 6 A |a . ' o
317 33 Damping factor UaIWaaLNaTNRNNLUINIM Si-69 619N
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@13190 4 @1 Glass transition temperature VaINaALNASHENNLUTNNDL Si-69 G9n1s

Amount of Si-69 loading Glass transition temperature (T,)
(phr) T, of NR phase (°C) T, of CPE phase (°C)
0.0 -50.8 1.4
0.5 -49.2 1.5
2.0 -43.2 -0.4
4.0 -40.6 -1.4
6.0 -37.7 -1.6

aN719N 5 USuna (%) vesdannnszanua lwlugniudazinauainefiuasNaNNLUSNIMans
daawlmausiia Si-69 deniu

Si-69 loading Percentage of silica migrate to distribution in each
(phr) phase of blends (%)
NR phase CPE phase

0.0 41.44 58.55
0.5 41.78 58.21
2.0 43.95 56.04
4.0 44 .32 55.67
6.0 44.93 55.06

LHaNANTMINIINTZANLAVDITRN e IusaztWgaILgadluaI 9N 5 Wuin mnaumsgj

a . a 1 o aa 1 = & 1 A dll

avlmanniia Si-69 Inasdanszauarvasdanluesudasinglutzauniie  na1nfe Wia
QI | . =) an v = QI J an

WANUSU e Si-69 USusuasFan luwWauas CPE  aaadwTaunumMItNNInYa9gan LW s

A a v d ' . a o aa o 1 aa

NR sﬁammmaﬁmﬂ@mﬂmiﬁw Alkoxy 14 Si-69 m@aumnsmﬂumﬂéﬁmuaamawam

ﬁﬂﬁLﬁ@miamwaaﬂ%mmmaaévumﬁ'%mimﬁamg,mﬂ%ﬁm‘ﬁﬁalﬁLﬁ@ Silica transient

L an 1 aAa QI té g: 1

network  LaZ aumﬂsmsxmwmgmmamﬂmaa‘%uuu CPE (T938NTINNINNATIN

Pseudo-crosslink)

lunsdlvasansgavlmausiia Si-264 wudwamamesasi laduw livasaadanulunsdl
289 Si-69 lanfl Si-264 @TdLLa@dlugﬂﬁ 34 uaz@1397 6 Wudien Tg va9Wa NR Aans
L‘é"auqﬁmﬁmuﬁﬂﬁaﬂ (@sanlunsdiues Si-69) uazr Tg vasvs CPE lufinsiasuutas
T INIEIER! Tg liResiEntasiuanainiaannmsi si264 lisansataaddasiuztn
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8a3z (Free sulphur) vhlwnaiafaulwivasluanalwwa NR liwfsuudasnninidaifisy
Aulunsdiaas Si-69 Alaavaasmuzoudaszle MliiAanmadenlosnuszlumwa NR leun
TigInanIaaasvaInIsiafenlnaluiana (Molecular mobility) luiwa NR tiluatninin

0.7
0.6 1 © 0 phr
05 | 0 0.5 phr
< A 2 phr
ﬁ 0.4 X 4 phr
% 03] xephr
R 0.2
Temperature (0C)
gﬂﬁ' 34 Damping factor PaIWaALNDTHENAUSIN I Si-264 FnanHh
a13797 6 Glass transition temperature PoIND RO SHENTUS I b Si-264 9T
Amount of Si-264 loading Glass transition temperature (T,)
(phr) T, of NR phase (°C) T, of CPE phase (°C)
0.0 -50.8 1.4
0.5 -54.4 1.4
2.0 -49.4 1.4
4.0 -48.9 1.4
6.0 -49.0 1.4

A o aa . A a . [ A
I509089NINIZNUAVAITAN L E1IUA R NRVDILINFUNLAY Si-264 AILEAI LA
7 WU FanAamInNTzanea lgans NR atnstatawninuinlunsds Si-69 ﬁﬂ%mmms@'
alaaunttsg Madninann1an Si-264 § Wettability gendn Si-69 tiasanansgaiy

. v { =3 1 ﬁ a . . 1 U 1
Si-264 HUWAlATIRTINLANAIN TIrNI8DINIILAA Deactivation uuﬂyvlfﬁmuaavlmmaﬁ
UszAnTnmannin  Mlwaaanuduaiuasdanilas  9ainadniInszataant i luwg

lé ] a 1 gj v ‘3/ AI { a A&‘ Q 1 1 v {
819 NR Gatiue9nia it lau1nts anfiniiaduadina1aina biiwg NR Aanuniai
gavihldennedaniafia droplet break-up 3svilflusiaves Dispersed phase filny lawdh
a a [ A |a 1 ] 0/ i A 1 A a .
AnonweRiwasuanUTummIgaiuvinu muamlugﬂﬂ 35 LAY 36 WU1N YeUUNLAN Si-

. { o . = o {aa o

264 Ju110v89 Phase size ilwaini1vedszuy Si-69 Taatuayun1sndainudrluluwa NR
A luwszuunGy Si-69
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97 7 Y (%) esdimnnzanedmlulunsudesiWaamefiweinannianmansg

vl mausiia Si-264 @19nN%

CPE/NR blends with Percentage of silica migrate to distribution in each
Si-264 loading phase of blends (%)
(phr) CPE phase NR phase
0.0 58.55 41.44
0.5 58.07 41.62
2.0 49.10 50.89
4.0 42.73 57.26
6.0 46.41 53.58

(c) Si-69 2.0 phr (d) Si-69 4.0 phr

(e) Si-69 6.0 phr
Eﬂﬁ 35 Scanning electron micrographs (x 20,000) PoanadluasnaNAiUTI s Si-69

@9nN
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(d) Si-264 4.0 phr () Si-264 6.0 phr
Eﬂﬁ' 36 Scanning electron micrographs (x 20,000) PoanadlNasnNaN LTI, Si-264

GN9N
YA a 6
4.6 N3 lBARTIIBMINEKRAAKILIY (Nanoclay) Tuwaftaasuaa

dasannifluiinsolasialln awﬂn“ummmgmﬂuﬂummmm‘%uLLsawaaLuaﬁ?ﬂmmﬁ@
I&oensTszansmuadsaaeiunidiuesdan lasldUsmeusnainsnlulsunmfitas
M1 Madilesanudaztudaina (Silicate layer) maaamnmm@mgmﬂmiummmmmg
aan’l,ﬁ’[wLaqamaowaﬁmaiﬁ%msnagj vaafi3uniAalaseaouuy Intercalation  1U19ASS
LT TuU0IARINIGINAENITALANaananTwldadiufizoninAalassaiisuuy

. . ﬁ 1 v a a v [ = a a L g; a v dytl/ dl
Exfoliation mazawal%m@mnmuLm"l@]ammﬂs::aﬂﬁmw muuiumm’mum&mm%
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AnwivlseRninwrasnmaEuLsIwe e Nauha18AUD12 a‘vgmﬂmiumm@m JNUNT
USuaAnelaa138un3s (Organoclay) dsafianss lasldUSunmaus1iaina1insfii 1 phr

4.6.1 WOANIINN1IENA7 (Cure behaviour) YaINaRLNaTHEN

ga.lﬁ 37 LLamwnaﬂisumiqﬂﬁwaowaﬁwa%mauﬁﬁmﬁmaa Organoclay §19N% WUI1N13
W& Nanoclay A luwa RN SHRNEINA LA WaRLNESHANT Scorch time WA Optimum cure
time fNauadatITalan Tianunadusldananuiduiuavad Nanoclay (61 pH agl
2139 8-9) NTILaILFINYTZENTNIWNNILAG Sulphur vulcanisation  WavavaNuLdwiuaa:
= x> & A Aa o o a A e A
Wnlasaiantulunsdues Nanoclay  AINTUSURANGI88158UNSE (Organoclays) 4
a A 6 1 & U 1 A = A 1 a Aaaa
msaumﬂmmuuwﬂaglugﬂmaamaauawimuw PIFNNTOLIINITNAUAT8N Sulphur

vulcanisation betiluatingg

wanant milddurnvwasunmamludidinaiduagsnindaanunuiuiuiuszda
(Crosslink density) a9ugadluzifl 38 na1fia wedweinauninadudusieymawmluf
lifinsuSuaniw (Bentonite) fsnanunwuiuiusziugIniwelweinanf lidinads
A A & v | A Aa Aa [ o A A6

furnifeadnies wdlunsdivesdua1iNinsdsuaninarua1sdun3s (Organoclays)

1 1 a v =) J ] g a a
wuanunmuiuiuszduidinnugidnedstaian laslawzlunidivesdininioia
v a o s é 1 a

Bentone38 @MW THA 2HT-75 Waz T-50 HFP @1 u&1au T9anuLandsaadtinim
WiTINRsINadaaNt A EInavaineaNasHaNtduatisnn é’dua@ﬂugﬂﬁ 39-40 na1afe

wadlNasHaNNIUTI AN Lmuﬁ'uﬁ:ﬁwgw:ﬁ@imagé’aua:mmwu@iamoﬁaﬁ@m@

NFITIBLTUNY
25
O Scorch time
20 B Cure time
Z 15
E
g
Z 101
5 }
0 T T
Bentonite Bentone38 2HT-75 T-50 HFP
Types of organoclay
A . . Aa 6 Aa Aa A
Eﬂﬂ 37 Scorch time (t5,) WA cure time (tygp) VBINARLNBINFUNAUNITLANAUVIIVUA

aunaulu (Nanoclays) 1#ad19 9lutSunm 10 phr
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Torque difference (dN-m)

g
7
6 -
5 4
4
3
2
14
0 T

Bentonite Bentone38 2HT-75 T-50 HFP

Types of organoclay

3UN 38 AnunwLuAwEzdNw (Crosslink density) Tadwadiuainaunindx
Gur1pIaan1aw i (Nanoclays) iiaens glutunm 10 phr

2.5
20 L
T T

= 1.5
[
Z T £
=
= 1.0

0.5

0.0

Gum Bentonite Bentone38 2HT-75 T50-HFP
Types of organoclay
3UN 39 vagarNIzEzia 100% (M100) vaswafiuasHauniinmIauanT?

21108%M1AW 14 (Nanoclays) Tiiaen9 glutunms 10 phr
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.I.
10| I I
= T
& 8 =] -
2 T
s 1
)
5 6
&
s
E o
=
2 }
0 T T T
Gum Bentonite Bentone38 2HT-75 T-50 HFP
Types of organoclay
A 3 SR A . a 6 Aa a
ETJY] 40 ANUNUADLIIAIYUAVIA (Tensile strength) VDIWBRLNAINRUNUNITLAY

GurvIaan1aw i (Nanoclays) silasn9glutunm 10 phr

4.6.2 la39a319209ARI IR ATWIAW L1

Tugnihdumsdnendensasuulaslaseai1eas Nanoclay mewdsmsnaudniuned
AN @Tummlugﬂﬁ' 41 WUIAERAININENENNUNERLNESHRN Wa XRD patterns
289 Organoclay YHWNALEAINSIAALATIFIIIULY Exfoliation lasUsiaanlassaronuy
Intercalation ualunsdives Nanoclay 5%a Bentonite 71 liFnsUsuamweisansdun3soong
LEAINITAAlATIEUUY Interaction  Satfludnatunsdiunitiuasnisi Nanoclay Tfia

. A A A a A c: 1 Aa o 3 a A 6
Bentonite mﬂszawmwwiumnmuLmﬂmm'} Organoclays NAMIUTURMNAILRITOWNTE

d=1.49 n
Bentone38
Monite
M-75

T T T T T
2 4 6 8 10 12 14

2 theta

(a)
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Blends

Bentonite filled blends

Bentone38 filled blends

2HT-75 filled blends
=0 HFPM

T T T T T T T T T T T
2 4 6 8 10 12 14

2 theta
(b)
U 41 XRD patterns of organoclay fiaw (31 a) “azMunaIMINENLINNY

CPE/NR blends (31 b)

4.6.3 ANUNWADW N

g'ﬂﬁ 42 Az 43 URAIAN Relative M100 WAz Relative tensile strength Satisvanda
AuEINsalumINud T I INe Ao SN AN wudm’wéﬁﬂﬁmﬁg\‘iﬂvl,&i%uﬁumsﬂ%fuam‘w
289 Nanoclay §a8s138uwnss wiasusanan leinanuuandsvaslassadrs Nanoclay 7
et a9z Intercalation waz Exfoliation snsflfamaumminduaasmaiiuasna
Alsiuandanuatnsfitoien

2.0

1.8
1.6 |
1.4
12
1.0 1 3 *
0.8 - L 4

0.6 -

Relative M100

0.4 1
0.2

0.0

Gum Bentonite Bentone38 2HT-75 T-50 HFP
Types of organoclay

gﬂﬁ 42 @n Relative M100 maawa§Luaﬁ‘wauﬁﬁm‘n@u@mnmm@au‘,mﬂmiu
(Nanoclays) Ta@14 9luIunm 10 phr
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2.0

1.8
1.6
=
% 14
=
p
2 1.2 1
g 10 . . . 3
zos| e
£
< 0.6
=1
0.4 1
0.2
0.0 T T T T
Gum Bentonite Bentone38 2HT-75 T-50 HFP
Types of organoclay
U 43 fn Relative tensile strength 28dWaRiNasHFNNTMIENAUIIIMA

mgmﬂmiu (Nanoclays) 1a@14 9ludSaunas 10 phr

4.6.4 ﬂuﬁawsj%ﬁﬁﬂ (Viscoelastic properties)

gﬂﬁ 44 usaslWiRwinen Elastic modulus (G') 7 Strain 61 vaswadwesnanduUTAavas
Organoclays 88149TaLa% NANNAB LWNTHad Organoclay THa Bentone38 l#@1 G’ qaﬁq@
@1uN1G28 Organoclay  THa 2HT-75 ﬁ”'of:mmqLﬁ@mnmsﬁﬁagjﬁmﬂmaa%“wLLUU
Exfoliation ﬁaugsnidawalﬁﬁﬂ%mm Silicate layers lutSanmfinnninlwaansafads
Filler network 1uﬂ’%u’1mﬁ§a Tuneasanugna Nanoclay fia Bentonite 71laifimydsuanw
fom3dunisian ¢ Indidsenulunsdives Unfiled system @vasunsldainnsiiiad
Usinalasaaauuy Exfoliation fiasunnanlsisnansaiiaiu Filler network wananditije
¥nsuiy Strain 910 1% il 100 % é’auamlugﬂﬁ 45 Wuinen Relative modulus
n3tka4 Organoclays ke Bentone38 Waz 2HT-75 ulindA1anastng uadenslengandy
AnAdwmldnaunns Guth-Gold #919UaNINANILEENLTILAAT N Organoclays ¥ 2
ThafiAnanNg Physical W& Chemical interaction 14n19939nUa8 Organoclay e T-50
HFP n1uw&In13LAia Deformation 1 100% Strain wudﬂﬁ@hLﬁng@hﬁﬁﬂmmvlﬁmnaums

Guth-Gold T9U4UaniINSIRINULIINLAAAN Physical interaction tJunan
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Elastic modulus (kPa)

Relative G'

600

<O Gum
500 A
O Bentonite
A A A Bentone38
400 + X 2HT-75
X X x A OT-50 HFP
i X
300 X A
0O 0 00 o0 X A
200 O (o] o) X ﬁ
O
S 0 g g g @ @ 8 o
100 8 P
8 K x
0 ‘ ‘ -
0.1 1 10 100 1000

Strain amplitude

(%)

¢ Elastic modulus (G') 1 % Strain @19NWYBINERLUBINENNINITLANAU

21108%M1AW 14 (Nanoclays) Tilaend glut/unms 10 phr

[ Experimental at 1% strain
I | xperimental at 100% strain
— — — Guth-Gold equation

Bentonite Bentone38

2HT-75

Types of organoclay

T-50 HFP

@1 Relative elastic modulus maawaaLaJa‘fwauﬁﬁmnawamnmm@mgmﬂ

w1lu (Nanoclays) THa@nd 9lud3unas 10 phr nald 1 uaz 100% Strain

WIsuiaunuaNa 1w taIn Guth-Gold equation (L&W192)
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=l

= 1 . . = 1 wa Aa s
4.7. ANBIHAYDIFITBIYNIINAN (Processing aids) NNADFNUAYVDINIALNDINTN

a a & Aa a A & o o wn A Aa & A a '
1umumwwaama‘swawwﬂ‘smmsﬁamgmu uida IR ru U BInanauanInNaL R I
ﬂnaamm%ﬁ@ﬁ'gamum Fyanududgymidantzuiun1Indandan i nwadluaINay
s2uudh 1asang NIz UIRMINAALUUBATANIUAIANY (Extrusion) LWIIZBNARINARENNT
Wassanelunszuan (Barrel) b adsiunmsnaaasgiuidadunmessaiednsinszning

' A A . . Aa ' o a
3TN FNREITRATILTURITUITLAN Chiorinated paraffin wax Nianuuana1anuluisa
maoﬂ%mmﬂaa‘%uluimaqa RNITIUNFNA LARINITDAAAINUR LAV INA LN DT NRUN T
ﬂ%mm‘%amgﬂﬁﬁﬂiz%w%mwmﬂﬂd"nﬁ'u I@ﬂﬁ%mmﬁﬂﬁmumhudauﬂaL%anaﬁﬁaﬂﬁq@
= M & o { .7 '
FINANIINAFDIN L6 muam‘lugﬂﬁ 46 URAILFIAWIING Cereclor 45 LAz Cereclor 52 RINA
lLiuandanuadnfiinidydennunilavesnedweinaunIdannanaglulunmgs
aging bsAaNw ﬁﬂﬁmsmﬂuudmawagé’ml,a:mmuﬁaLL‘sa@iamiﬁaﬁ@wm’] Cereclor 45

1 o a 6 U dd‘ a a dl =1 A A 1
mmmmmwa@amaawaaL&Jaswau"lﬂ@LLw”luﬂimm@u‘Luﬂsmm'ﬂgom 5 phr T4LAHaNIN
3 Cereclor 52 é’dLLa@dlugﬂﬁ 47 Tumsassnuwing luwdzasdnanuudsnssdanisastia
WU Cereclor 52 NAURINITOAIAIANNULTILTI I IeusiALSu1 e Cereclor g4 AILFAI L1
gﬂﬁ 48

1.00E+08

@ Without Cereclor
A Cereclor 45
2 A Cereclor 52
]
&
g ® 90000 00,
=3
2 1.00E+06 - A AMM Mg )¢ g
: <
E ) {
£ ) {
S t,
A“
(
1.00E+04 : : :
0.1 1 10 100 1000
Strain (%)
A . . a 6 Adaa < 1 1
U7 46 Complex viscosity 7a9waatnasHaNniaanlusinlsznavay 50 phr uaz

% Cereclor 45 waz 52 luiSumu 5 phr
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O Cereclor 45
3 & Cereclor 52
~ 4 1
2 > T
< 11l
s’s
s -
2 |
1 a
0 : T T T T
0 1 2 3 4 5 6
Contents of Cereclor (phr)
A . a [ 4 AAdaa g 1 [l
E‘JJYI 47 Modulus at 100% elongation maawaaLﬁuaswammammumuﬂs:ﬂauag

Tut/Su1mu 50 phr uazld Cereclor 45 uaz 52 ludSunm 5 phr

30

O Cereclor 45
@& Cereclor 52
= 251
[-™
s
=
on
g 20 | g
Ea *
Z "
g
= 15
10 r r T T T
0 1 2 3 4 5 6
Contents of Cereclor (phr)
A . a [ AAaa < 1 [l
gﬂﬂ 48 Tensile strength °11aawaaL&Jaswaumsﬁaml,ﬂumuﬂi:ﬂauagjl 50 phr Uuag

1 Cereclor 45 uaz 52 lui/3unm 5 phr

4.8. MININBALNDIHENNAUNN LA bAal (Recycle)

v
A

! & o a & A a & A 1A
minasasludnhiinglizasdiazininms Recycle woliasuaufiiaioniulasiiviunvas
TaMNgeta 50 phr  iludrudizney iNeidumraadununmsnfanfadmiuazaying
fwadan lagRansontiddnafnuagas (Elastic modulus) Mtlaswldnainisrii Recycle

(Lﬁaamﬂﬁmaaﬂwagé’ammsn%mﬁamimﬁam,u,ﬂawaﬂmaqawaamaﬂﬁ) NANTINARNEY

45



aauaailuguf 49 usaaliiAuinlunivi Recycle AsauIn denatkanndad nagaauaIna

a

Aasnau LL@iLﬁﬂﬁ’m’]i Recycle 1duaTiNgas wuinﬁmaaé’amaawaﬁmai‘waua@mmﬂms

o

711 Recycle ﬂiGLLiﬂaﬂ'N&l%Elﬁ’]ﬂﬂJ ama"lsﬂ@rm Lllﬂ“/]'m’]‘i Recycle mal,ﬂumwmumma

Y]‘Vﬂ WUINANUad Elastic modulus denine ﬂawﬂuwamaawaaLuaiwauwmmi Recycle WD

@
[

AsINaal
10000
o
~ 1000 1 3
S 8 &S wuy
2 ﬁﬁ
=
(=] 100 + Lo o
g i © Virgin_1 rad/s i
)
s i ORecycle 1 1 rad/s %
[}
= i ARecycle 2 1 rad/s %
10 T XRecycle 3 1 rad/s
i XRecycle 4 1 rad/s
ORecycle 51 rad/s
0.1 1 10 100 1000 10000
Strain (%)
U 49 Elastic modulus 2a3wafiuasnauniidandugiwlsznavat 50 phr uas
#NN1Y Recycle @183 IUATINGINT
gyduaniinaaay

Aa v a%’c:: = d' l v K v a o a
mmﬁ]ﬂuLﬂumiﬂﬂmwaLuummiwﬂﬂumnaiuLLiwaamimL@mﬂi:mﬂ Non-black
filler luwaRiluasNaENYRIARBIIULANNERLETAUALLIBTTNTAIUFAEIH 80 ¢a 20 lag
UTuidasnsfauazUTunmarsaildu mi@;muvlmau #aNINROIANBILIBIVEINITHY

[ 1 a 6 A A qn:? A % U Qs ‘3’

navanltlrdvasnediwasnanfiiasonlad wamimmamvl,@mmsnagﬂvlﬂmu
1, %Em'ﬁ'LauaﬂuwaaLuagwauﬁwmﬂuashamﬂ@iawqaﬂﬁumiqﬂéf'a (Cure
behaviour) I@ﬂﬁ%\‘iLa%wmiqﬂﬁ’madLWam\‘lﬁ‘ﬁu‘ma (Cure promotion phenomenon) %
Lﬁaammnmﬂﬁ@5%@135%81“?1gdi:mﬁmg%muaa (Silanol  group) UWRIVBITRNINY
ma’%uuﬂmaqamaa CPE ﬁwlﬁnwsgw%’ué’aLiauuﬁuﬁ’maa%ma@m lusinvasduan
wuiwamaoaumn@iawqanimmiqﬂﬁ’ﬂué'ﬂumzﬂﬁﬁﬂﬂﬁaﬁ'ﬂumzﬁmaa%ﬁm walIuh

46



. a . v 1 =) an 1 =3 U
(Magnitude) n13tn@ Cure promotion phenomenon uasmﬂuﬂsmmaoéﬁamasmmuvl,@m
m@mLﬁ@mﬂmsﬁaumaﬁ%gvlamaﬂ%a (Hydroxyl group) asnenulunsdiganmvinldiians
@@%’ué”ujmuﬁuﬁmmﬂﬁ

a { =) J =Y a ‘g | =) { a
2. mMussNLTIntAaInaInnaN Tz uuNafwasHaudh LTwn1TLESNLINLAAIN
N194N@ Tridimensional transient network iz‘mfwﬁidwaiﬁwa?zmas‘wauﬁdﬁma@magé’aﬁ
§93N luamuefiein Damping factor HA161 laganiziarnNueseadl 131395580 Network
i & £ ¥, . ¢ a % ] % @ v ]
NAAYUHI1 Pseudo-crosslink fﬁoﬂavlﬂmsl,asuu,samﬂmammmﬁumﬂmmnmﬂmmsg
a0 laulNe Deactivation m}i%muaauuﬁwaa%ﬁm TUEI U BIAUVIINLIINITLRTHI LI
a & o ' v da X a . & [
AT NN I@Umuag]aaﬂmeum@mﬂwamaa Hydrodynamic effect LIunan
3. WalimaaudaniniduadlunadwasuaululSuimaniay San1aina1InIzans
Qs 1 =Y { 1 Q > g; { =) an Q‘ ‘g/
maglmvxlamaa CPE uaz NR lut/Sanmn luannusaiate 9Nkl alUSanmEan1nudn
1 1 { =3 aa U J U U =)
agredariias Usuroawasdanlunwguas CPE ﬁmgamumﬂmﬂa NR lagaiaitiaann
04 aa A 1 1 . aa o a S °-/ aa
ouAINIBINFITZNI9RA Silanol group YAITANINUASDITWIY CPE GIN1INITZNUAIVAITE-
m@foﬂﬁmﬁddwa@iaua@é‘madwaﬁLN@%N&@J wanAINHLIININGan1E 1 lwwavas CPE
ﬁﬂ%mm%mga SIRINAG LULINNTLAANITLANA28NUDILNE NR A8 DIANNITN L6
nidg dll =1 a Aan a 6 dw a 1 =
PaIszuunaIwlainnandaniadldlunafmasuanszuui mswmmsgmu‘lmauwa
1 N aa 1 L & 1 { QI | 1
fanszanuauaIgan luwensusaziwaluszauniie ﬂmaﬁaLﬁmwuﬂsmmaﬁ@mﬂmam:
1 v = aa L Q QI J ana
IR US98 R N lulWauas CPE  aaadwsaununstnaawyadgant lwwa NR
I@Umsgjmu"lmamﬁ@ Si-264 dawa@iamsmﬁUuLLﬂmmimzﬁnUﬁaﬁaﬂdﬂa%’@lﬁmﬂ’hmsﬂ
avlaunia Si-69
4, msnﬁw@umwﬁmm@au;mﬂm*[u (Nanoclay) &dluNaRIuaSNENRING [NaR-
4 = . . . dl g-: 1 a dl' &
LWBTNEUY Scorch time Laz Optimum cure time NEUBAIDLIITALI LHH2INNAMULT WLUR
284 Nanoclay a4n&a1" uaﬂﬁnﬂﬁmﬂ%@umwm@mgmﬂmiuﬁ?ﬁﬁ«idwmﬂuashamn@ia
AR WILUBWNWDETN (Crosslink density) I@ﬂwm"]wa'ﬁLua%wauﬁﬁmﬂauamnmgmﬂ

A A o . A @ o ' a & A 1A
wluf lidnsUSuaa 1w (Bentonite) ummwvﬁmLLuuwu'ﬁwwgamwwamuaswawvl,w
NILANA VI NYILANY Y Wl wNIY0IAWVIININITUTUIAINGIERITBUNTE

1 ] e U a ;3/ 1 =
(Organoclays) wmm’nwmLLuuwuﬁzmuﬁﬂsmmgwua t19TaLa lagtanizluwnitiuag
AU1T%A Bentone38 ANNNGIETRAA 2HT-75 WAz T-50 HFP @nu81aU TIAMNULANEANS
P2IUSV TN BTN FINAA gL AL TINaVaINa AL NS HauLTwatIuIn  NITLETULIIVDI
a J e a 1 o ~
Nanoclays luwaRiwasHaNInnuaiaues Organoclays 881310t lag Organoclay T%@
Bentone38 lﬁmmﬁuLLidﬁﬂi:'ﬁﬂ%mwg\iﬁq@I@ULamzﬁmﬂlﬁmmm’%m@‘h J898937A8
=3 ¢ a { a &/ g; =Y ‘g =) g:
Organoclay %@ 2HT-75 TINSLRINLTINLAQL NN Organoclays 74 2 FhabAaNNg
Physical a2 Chemical interaction lunmaassnutna Organoclay o#%a T-50 HFP lwns

LEINWIINLAAIN Physical interaction {unan

47



5. MILEENTTILNTTUINNNIHER (Processing aids) N4u9a Cereclor 45 Waz Cereclor

52 NiSumasaTna1INk SINA hinandnwatnsiivednndaanuniiauasnefiwasua

NRTANNEND gjluﬂ%mmgq asm"l,sﬁmu ATl aawagé’mm:mm W99 anTy
=3
f

JHAWLIN Cereclor 45 mmsmmﬁmagé’maawaama%wawvlﬂﬁu,ﬁ’lumrﬁﬁLauluﬂ%mmﬁ

o ! ) o o o '
@3\15{1 5 phr T\']Lﬁﬁaﬂ'l']ﬂ']ii"ﬁ Cereclor 52 1%7]']\1@]5\1ﬂ%°ﬂ']3JCGI'GC|OI' 52 NRURINUIINAIAN

= , S A I A
AITNLLYILINADNIIN El@vlﬂ@]@]ﬂ'}]’]ﬂllilﬂm Cereclor ‘Y]ig;({'l

a 6 A = & A A aa A =3
6. N17 Recycle WE’JaLllﬂiNﬁll‘Y]L@]iﬂll“llul@&I&Iﬂilﬂmmﬂd‘ﬁﬂﬂ’]ﬂq&ﬂd 50 phr 81410

e lasfn13¥in Recycle ﬂ%'al,l,sndmaﬁaymﬂ@iam%maaﬂua@é'a (Elastic modulus) a3

wadlua TN udliiainn1T Recycle 1HuATINADI WUIFNDQAFUDINARINATHANAARIIN

n3¥n Recycle assusnagaiivpdian atnslsfiany aviins Recycle daifluassnanuis

anNi1 wudidwagasdidunznguiunavainafiweinauinn1s Recycle Liluaiifiaes

LONE1ID19D9

1.

P. K. Freakley and C. Sirisinha, The Influence of State-of-Mix on the Extrudate
Swell of a Carbon Black Filled Styrene-Butadiene Rubber Compound, Journal of
Applied Polymer Science, 65, 305-315, 1997.

C. Sirisinha and W. Sittichokchuchai, A Study of Relationships between State-of-
mix, Rheological properties, dynamic properties and bound rubber content, Journal
of Applied Polymer Science, 76, 1542-1548, 2000.

N. Phewthongin, P. Sae-oui and C. Sirisinha, A study of rheological properties in
sulphur vulcanised CPE/NR blends, Polymer Testing , 24, 227-233, 2005.

C. Sirisinha, J. Thunyarittikorn and S. Yartpakdee, A study of carbon black
distribution in BR/NBR blends, based on damping properties: Effect of some grades
of carbon black Plastics, Rubber and Composites Processing and Applications, 27,
373-375, 1998.

C. Sirisinha and N. Prayoonchatphan, A study of carbon black distribution and
properties in BR/NBR blends: roles of commercial homogeniser and slipping agent,
Polymer-Plastics Technology and Engineering, 40, 577-592, 2001.

P. Sae-oui, C. Sirisinha, U. Thepsuwan and K. Hatthapanit, Comparison of
reinforcing efficiency between Si-69 and Si-264 in the conventional vulcanization

system, Polymer Testing, 23, 871-879, 2004.

48



7. C. Sirisinha, P. Sae-oui and S. Pattanawanidchai, Rheological properties, oil and
thermal resistance in sulfur-cured CPE/NR blends, Journal of Applied Polymer

Science, 93, 1129-1135, 2004.

Output 31nlAIN13IVY

1. HaWITEN RN IWITEITTZALWIWIZG
Nap0391W398 L8NSR ANRIHNIENT3AUINIITE $11am 4 (Bod SalineaziBaaal

1. N. Phewthongin, P. Sae-oui and C. Sirisinha, Comparison of viscoelastic behaviour in
silica filled cured and uncured CPE/NR blends with various mixing time, Applied Rheology,
16, 182-189, 2006.

2. P. Phewphong, P. Sae-oui, C. Sirisinha, Mechanism of silica reinforcement in CPE/NR
blends by the use of rheological approaches, Journal of Applied Polymer Science, 107,
2638-2645, 2007.

3. P. Phewphong, P. Sae-oui, C. Sirisinha, The use of dynamic mechanical thermal
analysis technique for determining an uneven distribution of precipitated silica in CPE/NR
blends, Polymer Testing (in press).

4. P. Prasopnatra, P. Sae-oui, C. Sirisinha, Rheological properties in recycled CPE/NR
blends vulcanised by sulphur, Journal of Applied Polymer Science (accepted with minor
correction)

5. P. Wonguwitthayakool, P. Sae-oui, C. Sirisinha, Rheological properties of chlorinated
polyethylene blended with low-cost grade natural rubber, International Polymer Processing

(accepted with revision)

wannniiasegluszniraiaaisudayaiia Submit 11383 Polymer Composites %38

Journal of Applied Polymer Science3143% 1 1389

2. nmviuanwIdeluzyselon

mmj’uazmwuﬁﬂ%ﬁiﬁ%’ummm’i%’yﬁ ldin ldszgndlddszlondluniagasmnisy
naIfe I%Lﬁuia;&mﬁ'aﬂi:qn@l‘lﬁummamgﬂﬂéaaqmammw VOINILIENQARIANTIN
gﬂﬂ'@?ﬂﬂﬂ ina

Aa A U LY o wa‘ o P> c‘lp & U d‘ =)
lwg a3 mnng ;pfﬂslvl,@u’]m'mnglmmwm’mnﬂuvl,ﬂLﬂwna%lal,wael,ﬁ'l,uﬂm,sammmau LR

a v dq/ v a a a s a o ad dl o el v
larmyiehlanfatmiaszaudiugilndiwin 4 auw ({180 1 audisszavluniaduuas
Insenun 2551 %)

49



AMARNKIN

HAIIBIDUNANNN LHI1TFITIZALWIWIBA

50



15091 1
N. Phewthongin, P. Sae-oui and C. Sirisinha, Comparison of viscoelastic behaviour in silica

filled cured and uncured CPE/NR blends with various mixing time, Applied Rheology, 16,
182-189, 2006.

51
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ABSTRACT:

Blends of 3o-phr silica filled elastomeric chlorinated polyethylene (CPE) and natural rubber {NR) at the blend
composition ratio of Bo/20 CPE/NR were prepared with various mixing time from 120 to 600 s. Viscoelastic
behaviours of cured and uncured blends were determined using two rheometers with different shear modes,
i.e., the oscillatory rheometer (Rubber Process Analyser, RPAzooo) and the rate-controlled capillary rheometer
(Goettfert Rheotester 2000). Results obtained reveal that the viscoelastic behaviour of blends is influenced by
the formation of silica transient network, particularly in cured blends. Mixing time affects viscoelastic proper-
ties of vulcanised blends to some extent which is due probably to the high extent of thermal degradation, but
plays no significant rolein viscoelastic properties of unvulcanised blends. The superimposition of oscillatory and
steady shear results is possible when the elastic component is eliminated from the results.

ZUSAMMENFASSUNG:

Blends aus mit Silika (3ophr) gefilltem, elastomerem und chloriertem Polyethylen und natiirlichem Gummi
(NR) bei einer Blendzusammensetzung von 8o/20 CPE/NR wurden bei verschiedenen Mischzeiten zwischen
120 und 6oo s hergestellt. Das viskoelastische Verhalten der unvernetzten und vernetzten Blends wurde mit
Hilfe von zwei Rheometern in unterschiedlichen Schermoden bestimmt, d. h. einem Oszillationsrheometer
(Rubber Process Analyser RPA 2000) und einem scherraten-kontrollierten Kapillarrheometer (Goettfert Rheo-
tester z000). Die Resultate verdeutlichen, dass das rheclogische Verhalten der Blends durch die Bildung eines
transienten silikanetzwerkes beeinflusst wird, insbesondere in den vernetzten Blends. Die Mischzeit beein-
flusst bis zu einem Grad die viskoelastischen Eigenschaften der vulkanisierten Blends, der miglicherweise zu
einem hohem Mass aus der thermischen Degradation resultiert. Dagegen spielt die Mischzeit keine sig-
nifikante Rolle bei den viskoelastischen Eigenschaften der nichtvulkanisierten Blends. Die Superposition der
oszillatorischen und stationdren Scherergebnisse ist maglich, wenn der elastische Anteil von den Ergebnis-
sen eliminiert wird.

RESUME:

Des mélanges de caoutchouc naturel (NR) avec du polyéthyléne chloré {CPE) renforcé par de la silice 30-phr ont
€té préparés pour un ratio de composition de Bo/2o CPE/NR en variant le temps de mélange entre 120 et 600 5.
Les comportements viscoélastiques des mélanges réticulés et non réticulés ont été déterminés enutilisant deux
rhéometres avecdeux modes decisaillement,c-a-d, le rhéométre oscillatoire (Rubber Process Analyser, RPA2000)
et le rhéométre capillaire & vitesse contréilée (Goettfert Rheotester 2000). Les résultats obtenus révélent que le
comportement viscoélastique des mélanges est influencé par la formation d'un réseau transitoire de silice, par-
ticuligrement dans les mélanges réticulés. Le temps de mélange affecte significativement les propriétés vis-
coélastiques des mélanges vulcanisés, ce qui est probablement du au grand degré de dégradation thermigue,
tandis qu'il ne joue pas de réle significatif pour les propriétés viscoélastiques des mélanges non vulcanisés, La
superposition des résultats oscillatoires et de cisaillement en régime établi est possible quand la composante
€lastique est éliminée des résultats.

Key worps: Viscoelastic properties, rheology, chlorinated polyethylene, natural rubber, silica

@ Appl. Rheol. 16 (2006) 182-189
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1 INTRODUCTION

Rheologicalbehaviourof polymersisone of impor-
tant factors affecting processability and proper-
ties of final products. It has been reported that
flow behaviour of polymer melts depends strong-
ly on polymer nature [1- 7], flow geometry [B-10],
and processing conditions [1 - 3, 11], such as tem-
perature, shear rate or frequency and compound-
ing ingredients including reinforcing filler [12 -13).

Chlorinated polyethylene (CPE) is widely
known forits high oil and weathering resistances
which are attributed mainly to the saturated
structure and the presence of chlorine atoms on
the molecular backbone. According to the pub-
lished work, CPE has been blended with various
polymers including polyvinyl chloride (PVC) [14 -
17], styrene-acrylonitrile (SAN) [18, 19] and
polyurethane (PU) [20, 21] in order to achieve
desired properties. Compared to natural rubber
(NR), CPE is more expensive and therefore blend-
ing CPE with NR is applicable for reducing a pro-
duction cost of final products requiring CPE prop-
erties. Referred to our previous work [22 - 24], it
has been reported that a certain amount of CPE
could be substituted by NR, giving similar tensile
properties to neat CPE, depending on curing sys-
tems used for vulcanising NR phase in blends. In
addition,interms ofrheological properties, there
are numerous published work reporting a use-
fulness of rheology as a tool for characterising
polymer bends [12, 13, 25, 26]. It has been found
that without vulcanisation of NR phase in
CPE/NE blends, elastic modulus of the blends de-
pends strongly on test frequency, due mainly to
the viscous response. By contrast, after curing of
NR phase in blends, the blends with NR as a
matrix demonstrate dominantly the time-inde-
pendent elastic modulus while those with CPE as
a matrix still reveal the time-dependent elastic
meodulus to some extent depending on NR com-
position ratio [12]. Recently, a clear evidence of
reinforcing effect provided by precipitated silica
in CPE/NE blends has been reported which is
explained by a strong interaction between chlo-
rine atoms of CPE and silanol functional groups
of silica associated with the formation of silica
transient network [13, 26]. Therefore, the present
work aims to extend the previous investigation
[12, 13] by focusing on the rheological properties
of CPE/NR blends with various mixing time. Also,
theinfluence of curing the NR phaseinblends on
viscoelasticity will be discussed.

Materials Manufacturer/Supplier  Amount % weight  Remarks

{phr?)
Chlorinated DuPont Dow ile] 56.34 Raw polymer
polyethylene Elastomer Co. (USA)
{CPE,TyrinozP)
Natural rubber Union Rubber 14.08 Raw polymer
(NR, STRs) Products Co(Thailand}
Precipitated silica | PPG-Siam Silica Co. 30 213 Reinforcing filler
(Hisilz33) (Thailand)
Magnesium oxide | Siam Chemicals 5 3.52 Acid receptor
(Starmag #i5o) Public Co.(Thailand)
Santoflex 6-PPDY | Flexsys Co.(USA) 4 282 Antioxidant
Sulphur Siam Chemicals z 14 Curatives receptor
(Starmag #150) Public Co. (Thailand)
Santocure TBBS® Flexsys Co. (Belgium) 1 oo Cure accelerator

a = Part per hundred of rubber
b= N300 N

N-tert-butyl.
t= Lyl

Time (min.) Action

4w O Add CPE

gaE Add 6-PPD premixed NR
£ E 2 Add precipitated silica
&5 varied Discharge the blends
g2 o Add silica-filled blends
24 and curing agents

2 2 Discharge the blends

2 EXPERIMENTAL

2.1 MATERIALS AND MIXING PROCEDURE

Details of materials used and blend formulation
are shown in Table 1. Initially, the premix of NR
and antioxidant (6-PPD) was prepared using a
laboratory-size internal mixer equipped with
Banbury rotors (Brabender Plasticorder, Ger-
many) at mixing temperature of 55°C. In the
blending stage, a 2-stagemixingtechniqueinthe
Brabender internal mixer with set temperature,
rotor speed and fill factor of 140°C, 30 rpm and
0.7, respectively, was utilised in order to prevent
premature vulcanisation or the so-called com-
pound scorching. In the first stage, CPE and NR
alongwith precipitated silica were mixed togeth-
er with various mixing time of 120, 180, 300 and
6oo 5, and then discharged and sheeted on
cooled 2-roll mill. In the second stage, the curing
agents were mixed with the silica-filled com-
pounds prepared from the first stage for 2 min-
utes and, finally, dumped from the mixer. Detail
of mixing sequence is illustrated in Table 2.
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Table 1 jabove):
Materials used in the present
stugy.

Table 2:
Mixing sequence used in the
present study.




Figure 1(left):

Elastic modulus, G', deter-
mined from time sweep test
of cured and uncured blends
with 120 and 600 s mixing
times.

Figure 2:

Elastic modulus, G, asa
function of % deformation
strain at the test frequency
of 3.1 rad/s (Payne effect)
in filied vulcanised CPE/NR
blends with various mixing
time.
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2.2 MEASUREMENT OF RHEOLOGICAL
PROPERTIES

Viscoelastic properties of blends were measured
using the Rubber Process Analyser {RPAzooo,
Alpha Technologies, USA) and a rate-controlled
capillary rheometer (Goettfert Rheotester 2000,
Germany) atthe testtemperature of170°C.Inthe
case of RPAzooo, the linear viscoelastic (LVE)
region of the blends was initially determined at
the test frequencies of 1 and 100 rad/s. There-
after, the frequency sweep test was performed
using the strain within the LVE region. For the
rate-controlled capillary rheometer, anapparent
shear viscosity, ij,, asa function ofapparentshear
rate, ¥ , was determined using three dies with a
similar die diameter of 2 mm, but different
lengths of 10, 20, and 30 mm. In order to elimi-
nate end effect and to compensate the flow pat-
tern of non-Newtonian melt, the Bagley and the
Rabinowitsch corrections were applied to the
apparent data, yielding true shear viscosity and
corrected shear rate, respectively [2].

3 RESULTS AND DISCUSSION

3.1 VISCOELASTIC PROPERTIES OF VULCANISED
BLENDS

Strain sweep test

Itisknownthatthestrain sweeptest gives some
interesting information on strain-dependent
properties including the linear viscoelasticity,
and the presence of filler transient network.
Notably, it is important to ensure that the
strain- and frequency sweep results are not
attributed mainly to thermal degradation
and/or chemical reaction taking place as the
tests are performed. As a result, a time-sweep
test s first performed, and the results obtained
are illustrated in Fig.1. Itis clear that there is no
significantchange in storage modulus, G', ofthe
blends with both short and long mixing times
(i.e., 120 and 600 s) as well as the blends with
120 s mixing time. In the case of cured blends, a
slightincrease in G’ is observed which is proba-
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bly caused by thermal degradation of CPE
matrix via molecular crosslinking. However,
compared to results with strain- and frequency
sweep tests discussed in the present work, such
increase in G’ is relatively small, and could be
disregarded.

Thus, the strain sweep test was carried out,
and the results of G"as a function of strain defor-
mation are illustrated inFig. 2. It can be seenthat
all vulcanised blends possess similar G’ with the
sharp drop in G’ at high strain, which is usually
known as the Payne effect. There are many pro-
posed explanation of this decrease in G’ at high
strain such as molecular slippage and the defor-
mation of droplet in suspension. In the case of
filled elastomers, it is believed that the disrup-
tion of filler transient network is responsible for
the decrease in modulus as reported previously
[13, 26, 27]. In this work, the strong interaction
between silanol groups on silica surfaces and
chlorine atoms of CPE could additionally pro-
mote the formation of filler transient network
[28]. Also, it appears, that at low deformation
strain, there are only a small discrepancy in G’
implying that change in mixing time does not
affect significantly the formation of filler tran-
sientnetworkinblends. It hasinitially been antic-
ipated that the blends with shorter mixing time
(i.e, with poorer silica dispersion) would give
greater degree of silica transient network for-
mation. Thus, the possible explanation of an
insignificant dependence of G’ on mixing time is
that the strong interaction between CPE and sil-
ica might dominantly control the formation of
silica transient network over the degree of silica
dispersion.

In addition, the strain sweep test is further
carried out at low (1rad/s) and high (100 rad/s)
frequency in order to determine the LVE region,
which will subsequently be used in the fre-
quency sweep test, and the results are givenin
Fig. 3. It can be seen that the LVE region applic-
able for both frequencies is observed in the
strain range of 0.3 - 10 %. As a result, 5 % strain
is selected to be used in the subsequent fre-
quency sweep test.
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In order to investigate the dependence of vis-
coelastic behaviour on frequency, the frequen-
cy sweep test was performed, and the results
obtained are shown in Figs. 4 and 5. It is evident
that all blends show strong frequency-depen-
dent G’ due to the response of uncured CPE
matrix [12, 13]. The increase in G’ with increas-
ing frequency is attributed to the shortening in
time available for molecular relaxation at high
frequency. Besides, at a given frequency, G’ of
blends at mixing times of 120 and 6o0 s shows
the highest and lowest values, respectively,
which is believed to be the result of thermal
degradation in NR phase of the blend with mix-
ing time of 600 s. Since the viscosity of blends
with 3o-phr silica loading is high, the great
extent of shear heating is resulted, especially in
the blend with long mixing time of 6co s [24].
Hence, an occurrence of thermal degradationin
NR phase would lead to a reduction in molecu-
lar weight and thus the elastic modulus. One
might think that the relatively high G’ found in
the blends with short mixing time of1zo0 s might
be due also to a hydrodynamic effect, i.e., the
shorter the mixing time, the greater the immo-
bilised rubber acting as parts of underformable
filler [29 - 30]. This would, in theory, lead to a
rise in an effective filler volume fraction, and
thus an increase in G". However, our previous
work [13] reveals thatthe presence ofhigh effec-
tive filler volume fraction leads to a formation
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of pseudo-crosslink via the silica transient net-
work giving the frequency-independent G’,
which is not the case in this work. Consequent-
ly, the influence of effective filler volume frac-
tion on G’ of blends could be disregarded in this
work.

Similar resulttrends are observed inthe case
oflossmodulus, G”, as shown in Fig.5. G appears
toincrease withincreasing frequency forall com-
pounds because a large amount of energy is
required for generating free volume at high fre-
quency. Apparently, G” decreases with increas-
ing mixing time, which could be explained by the
smaller extent of molecular restriction via the
thermal degradation as discussed previously.
Additionally, if values of G' and G " are compared
ata given frequency, it is obvious that G’is much
greater than G”, implying a dominantly elastic
component in all blends. The strong elastic
response is undoubtedly caused by the high mol-
ecular entanglement of CPE matrix associated
with the formation of silica transient network.

Complex viscosity, 5%, of blends is illustrat-
ed in Fig. 6. The pseudoplastic behaviour (i.e. a
decrease in i* with increasing frequency) is
observed in all cases, which is a common
response of most polymer melts. Also, * decreas-
es slightly with increasing mixing time, which
agreesvery wellwiththe results of G’'and G (see
Figs. 4 and 5). In other words, the processability
of these blends is controlled dominantly by the
elastic rather than viscous responses.
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Figure 3 (left above):

Elastic modulus, G', of filled
vulcanised CPE/NR blends
with various mixing time as
a function of deformation
strain at low (1 rad/s) and
high (100 rad/s) frequency.

Figure 4 (right above):
Elastic modulus, G, of filled
vulcanised CPE/NR blends
with various mixing time as
a function of frequency.

Figure 5 (left below):

Loss modulus, GV, of filled
vulcanised CPE/NR blends
with various mixing time as
a function of frequency.

Figure 6 (right below):
Complex viscosity, ii*, of
[filled vulcanised CPE/NR
blends with various mixing
time.



