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 Canter and Blaskiewicz (1976) ��������  �� !"�# $%�&'()*�)+(,-./&+01(-",2( 3
�456��75�&-(& +�*�� &8�*�) Halogenated EPDM (@�A),! B*2���+�*&8�*�) EPDM 2�6%2�45
N-Haloamide F G( N,NI-Dichloro-P-toluene Sulfonamide) 2�5�6%2�45%� , N) %� !4O,!"2
�8�2$P4&Q-$ Resorcinol-aldehyde TBA2B# "2�U Aldehyde 2-4 carbon atom Y��&4Z&&8��#,0-G(5-)
5&6��75�&-(& Q-�OT8��� O4-0��&@3��O* $55,!�(5(���� �(&TBA([UF\]2" 350 0F ,O-� 1 hr 6��
75TBA6N�&�� ,0-G(5*�)Q-�O %�2� P&8��#7b�# $+*b&37&�� T8�P[)-2&" \4*7& P*&!3Q-$6-"!
\4Uc3TBA!�()�� 6��75,% "2Q ) ,bN& *�) P*&!3 Q-$TN(*�)!N�)d ,#e&!�&

 Elmer (1977) ���������� !"�# $%�&'()*�)�45,%�&7*Q��O (Glass fibers) +�*�� &8�
%� -$-�*�N�)6%27&*�) Rubbery vinyl pyridine copolymer (1,3-butadiene 60-80%, styrene 7-
32%, 2-vinyl pyridine 45-22%) Q-$-$-�*��O*&Z8�Q-�O,!"2 O-Cresol-fomaldehyde-resorcinol
resin Y��&4Z&&8�,%�&7*Q��OY[N27&%� -$-�**�)0(2#�O�3,1B*)0 4Z),�B*O Q-�OT8�7F�QF�)Y��&4Z&&8�
�#7F�0O�2 �(&,1GA(7F�,�"��� 0) ]# \�*F-4)Y��T8�7F�0) ]#Q-�O&8�,%�&7*Q��OTBA6N�&�� ,0-G(5
Q-�O�## $�(5,'����O*�4&��O*,0 GA() B�*�) (Calender) Y$���,#e&Q6N&*�)5�)d TBA,0-G(55&6"O
'(),%�&7*Q��O �� !"�# $%�&'()*�)�45,%�&7*Q��O,#e&�� *���4&'()14&l$ $FON�)+2,-�[-7&
%�*+@NF-4�'()*�)�45,%�&7*Q��O

 Gardner (1978) ���������� &8�*�)l  2b�!"2�,0-G(55&6"OF&��'()6��75 1(-",(%
,T( 3 Q-$ �&-(& ,1GA(!�()�� 0O�2!��&T�&�� @�26N�&'()&Z8� 6��75TBA,0-G(5*�)Q-�O%�2� PT8�
7F�0) ]#���+�*6N�&0O�2 �(&\�*7!��� ��)*G� 20-30% Y[�# $%)03'()�� ��)*G�,1GA(-�F G('Y4�
,%�& ���*TBA-$,(B*� $FON�)bN()ON�)'()%"A)T( \�*F-4)�� ,0-G(5*�)-)5&6��75Y$T8�7F�6��752B
-4��U$,m1�$ 0G( #n()�4&�� @�26N�&'()�o�@Q-$T&�� @�26N�&'()&Z8�

 Neubert (1981) ���������� !"�# $%�&'()*�)�45,%�&���*# $,\T1(-",(�2�3 Q-$
1(-",(%,T( 3 +�*�� &8�%� -$-�*�N�)6%27&*�) Rubbery vinyl pyridine copolymer (1,3-
butadiene 47-69%, styrene 23-52%, 2-vinyl pyridine 1-8%) Q-$-$-�*��O*&Z8�Q-�O,!"2 Phenolic
resin Y��&4Z&&8�,%�&���*1(-",(�2�3 Q-$ 1(-",(%,T( 3 Y[N27&%� -$-�**�)0(2#�O�3,1B*)0 4Z)
,�B*OQ-�OT8�7F�QF�) Y��&4Z&&8��#7F�0O�2 �(&,1GA(7F�,�"��� 0) ]# \�*F-4)Y��T8�7F�0) ]#Q-�O&8�
,%�&���*TBA6N�&�� ,0-G(5Q-�O�## $�(5,'����O*�4&��O*,0 GA() B�*�) (Calender) Y$���,#e&Q6N&
*�)5�)d TBA,0-G(55&6"O'(),%�&���* �� !"�# $%�&'()*�)�45,%�&���*1(-",(�2�3 Q-$ 1(-",(%
,T( 3 ,#e&�� *���4&'()14&l$ $FON�)+2,-�[-7&%�*+@NF-4�'()*�)�45,%�&���*
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 Sogabe et al. (1986) ���������� &8�*�)2�,0-G(55&6��75�&-(& +�*,0-G(55�)d
���&,�B*O'()6��75 %NO&# $�(5F-4�'()*�)0(2#�O�3# $�(5��O*&Z8�*�)Q-$1(-"�(+@�@*�
,&! ,#e&�� 0"�0�&# 45# [)O"lB�� ,0-G(56��75��O**�)+�*�� 6%2&Z8�*�) SBR �45%� ,02B!�2
-8��45Q-�O�O&7F�,'���4& Y��&4Z&&8��#m�5-)5&6��75 Q-�O&8��#O4-0��&@3TBA([UF\]2"!A8�# $2�U
120 0C (F G(!A8��ON�) '�(�B'()�� O4-0��&@3TBA([UF\]2"!A8�,1GA(,#e&�� # $F*4�1-4))�& #n()�4&�� 
F�!4O'()6-"!\4Uc3 Q-$#n()�4&��  $,F*'()%� ,02BTBA2BY[�,�G(�!A8�d TBA2B(*]N7&*�)0(2#�O�3 6��
75TBA,0-G(5*�)Q-�OY$T�Q#n),1GA(#n()�4&�� !"� �N(&Y$T8��� ,0-G(56��75!�()T8�0O�2%$(��6��
757&&Z8�Q-$&Z8�24&�N(& ,1GA(�8�Y4�%"A)%�# �T8�7F��� !"�# $%�& $FON�)*�)�456��75�B'�Z&Q-$2B
%254!"T&T�&!N(�� ��)-(�

 Caldwell et al. (1987) ���T8��� ,0-G(5&Z8�*�)@"-"+0& (Silicone liquid elasto mer, SLE)
-)5&6��75��O*,T0&"0�� Y[N2 +�*2B'4Z&!(&�� T8��4)&BZ '4Z&Q �T8�0O�2%$(��6��75�N(&��O*
Silane coupling agent Y[�# $%)03,1GA(7F�*�)!"�# $%�&�456��75����B'�Z& Y��&4Z&T8��� ,0-G(56��
75+�*�� Y[N2 '4Z&TBA%(),#e&'4Z&!(&�� O4-0��&@36��75TBA,0-G(5��O**�)Q-�O��O*,!�(5(���� �(&
TBA([UF\]2" 400 oF ,#e&,O-� 2 min F G((5&�&d TBA([UF\]2" 150 oF 6-"!\4Uc3TBA���Y$2B%254!"�2N!"�
�.)N�* T8�0O�2%$(��)N�* �4&&Z8���� +# N)Q%) Q-$T&!N(%\�1QO�-�(2 ,#e&!�&

 Sarkar et al. (1989) ���������� !"�# $%�& $FON�)*�)�456��75 Q-$*�)�45*�)7&�� 
!��&T�&0O�2 �(&'()%�*1�&-8�,-B*) 15ON�0O�2Q's)Q ) $FON�)*�)TBA,0-G(55&6��75 (�&-(&
66 Q-$1(-",(%,T( 3-�&-(&66) Q-$0O�2Q's)Q ) $FON�)b4Z&*�),#-G(�F[�2 (Cover rubber) TBA!"�
# $%�&�45b4Z&*�) $FON�)b4Z&6��75'()%�*1�&-8�,-B*)T&0O�2 �(&TBA2B*�) SBR Q-$*�)
Chlorobutyl ,#e&%NO&# $�(5 Y���� �����0O�2Q's)Q )'()�� !"�# $%�& $FON�)*�) SBR
�456��75�&-(& 66 15ON�2B0O�2Q's)Q )%])2�� %NO&0O�2Q's)Q )'()�� !"�# $%�& $FON�)
*�) SBR �45*�),#-G(�F[�2TBA7b� Tetramethylthiuram monosulfide (TMTM) ,#e&%� , N) 15ON�2B
0O�2Q's)Q )%]),F2G(&�45�� !"�# $%�& $FON�)*�) SBR �456��75�&-(& 66 (4! ��� -�-)
F G(,1"A2'�Z&'()([UF\]2"2B6-!N(�� T�%(50O�2Q's)Q )Q55��)-(� (Peel strength) '()Y[�TBA
,bGA(2�4& $FON�)*�)�456��75 Y��6-�� T�-()15ON��� !"�# $%�&'()*�)�456��75Y$-�-),2GA(
7b�,O-��� 5N2, N)&�&TBA([UF\]2"%]) 7&'U$TBA�� !"�# $%�& $FON�)*�)�45*�)! )Y[�TBA,bGA(2�4&
TBA([UF\]2"!A8�d �� !"�# $%�&Y$2B0N�!A8� Q!N0N��� !"�# $%�&2BQ&O+&�2%])'�Z&Q-�O, "A20)TBA,2GA(
,1"A2([UF\]2"%])'�Z&

 Poh and NG (1998) T8��� �����("Tl"1-'()%� bNO**��b&"��@,-&,� � γ-
mercaptopropyl trimethoxysilane (A-189) Q-$ Bis(triethoxysilylpropyl)tetrasulphide (Si-69) !N(
%254!"�� O4-0��&@3'()*�)l  2b�!"TBA7b�@"-"��,#e&%� ,% "2Q ) +�*T8��� �����TBA([UF\]2"
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 $FON�) 110-160 oC ��O*,0 GA() Mooney shearing disk viscometer Y���� T�-(),2GA(,1"A2# "2�U
%� bNO**��b&"��@,-& 15ON�*�)l  2b�!"TBA7b� Si-69 Y$7F�0N�,O-��� O4-0��&@3Q-$,O-��� O4-
0��&@3�N(&�8�F&�,1"A2'�Z& Q!N7&T�)! )�4&'��2,2GA(7b� A-189 �-452B0N��4)�-N�O-�-) ,&GA()2�Y��
F2]N�l((- (Thiol) 7&+0 )% ��)'() A-189 �#, N)#v"�" "*��� O4-0��&@3%N)6-7F�(4! ��� O4-0�
�&@3, sO'�Z& %NO&*�)l  2b�!"TBA7b� Si-69 7b�,O-�7&�� O4-0��&@3b��,&GA()2�Y��0O�2,�$�$
(Steric hindrance effect) '()F2]N#-�*TBA2B'&��7FwN%N)6-7F�,O-��� O4-0��&@3b�� %NO&1-4))�&
�� � $![�&'()*�)l  2b�!"TBA7b� Si-69 Y$2B0N�%])�ON�*�)l  2b�!"TBA7b� A-189 (*N�),Fs&���b4�

Li and Michiels (2000) ���# 45# [)Q-$14x&�%]! *�)TBAT8�7F��� !"�# $%�& $FON�)
*�)0(2#�O�3�456��75Q's)Q )'�Z& @�A),#e&O"lB7F2NT8����+�*6%2 Amine functional silane Q-$
Organo-functional silane @�A)2BF2]NQT&TBATBAON()�OF G(F2]NQT&TBA&4Z&%�2� PTBAY$*��,��$�45+2,-�[-
*�)TBA5 ",OU14&l$0]N $FON�)0� 35(&-0� 35(& ,1GA(T8�7F��� !"�# $%�& $FON�)*�)0(2#�O�3�45
6��752B0O�2Q's)Q ),#e&�#!�22�! y�& 6��75TBA7b�,#e&# $,\T 1(-",(%,T( 3 1(-",(�2�3 %NO&
*�)TBA7b�7&�� ,0-G(57b�*�)# $,\T SBR, NBR Q-$ EPDM O"lB�� TBAY$T8�7F�*�)!"�# $%�&�45
6��75(�Y7b�O"lB Y[N2 %,# *3 F G(m�5%� -$-�**�)-)5&6��75O"lB7�O"lBF&�A) F G((�YY$7b�
Resorcinol-formaldehyde latex T�TBA6��75�N(&m�5%� -$-�* ,1GA(,1"A2# $%"Tl"\�1�� *��!"�,#e&
�� 14x&��� !"�# $%�& $FON�)*�)�456��75 Y��6-�� T�-()%�2� P&8�2�# $*[�!37b�T8�,#e&
6-"!\4Uc3b&"�TBA!�()�� 0O�2Q's)Q )'()6��75 Q-$0O�2Q's)Q )'()�� *��!"� $FON�)*�)�456��
75 Q-$6-"!\4Uc3TBA!�()�� 7b�7&)�&(*N�)!N(,&GA(),#e&,O-�&�&d ,bN& %�*1�&14�-2 %�*1�&
,0 GA()Y4�  -�( P*&!3 ,#e&!�&

 Poh and Te (2000) T8��� �����%� #n()�4&*�),%GA(2,� � 2,2-Methylene-bis(4-
methyl-6-tertbutylphenol) (AO 2246), Poly-2,2,4-trimethyl-1,2-dihydroquinoline (TMQ), Q-$ N-
isopropyl-N-phenyl-p-phenylenediamine (IPPD) !N(-4��U$�� O4-0��&@3Q-$1-4))�&� $![�&
'()*�)l  2b�!" (SMR 5L) Q-$*�)l  2b�!"(B1o(��@�3 (ENR 25 Q-$ ENR 50) +�*T8��� 
�����7&bNO)([UF\]2" 120-180 oC ��O*,0 GA() Mooney viscometer  [N& Monsanto automatic +�*7b�
 $55�8�2$P4&Q55#�!" # "2�U%� #n()�4&*�),%GA(27b� 0-5 phr 6-�� T�-()15ON�-4��U$�� 
O4-0��&@3Q-$1-4))�&� $![�&*�)T4Z)%()b&"�TBA7b�%� #n()�4&*�),%GA(2b&"� AO 2246 Y$2B0N�%])
�ON� TMQ Q-$ IPPD ,&GA()Y�� AO 2246 ,#e&%� �-[N2.|&(-%�2� P�#F&NO)�� ,�"�#v"�" "*�O4-
0��&@3 %NO&%� #n()�4&*�),%GA(2b&"� TMQ Q-$ IPPD ,#e&%� �-[N2,(2B&@�A)%�2� P�#� $![�&
�8�2$P4&T8�7F�O4-0��&, sO'�Z& %N)6-T8�7F�*�)0(2#�O�3,�"�1}!"�  2�� 64&�-45 %NO&*�)l  2
b�!"Y$7F�-4��U$�� O4-0��&@3Q-$1-4))�&� $![�&%])�ON�*�)l  2b�!"(B1o(��@�3
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 Cataldo (2001) T8��� ������� #n()�4&+(+@&'()*�)b&"�TBA�2N("A2!4O ,bN& *�)l  2
b�!"Q-$*�)5"OT���(B& ,#e&!�& +�*T8��� ������� #n()�4&+(+@&T4Z)���&�� 7b�)�&Q55(*]N�45
TBA (Static) Q-$�� 7b�)�&Q55,0-GA(&TBA (Dynamic) 15ON��� 7b�'BZ6�Z) (Paraffin wax) Y$#n()�4&
+(+@&���&�� 7b�)�&Q55(*]N�45TBA Q-$,2GA(7b�%� #n()�4&*�),%GA(2# $,\T Disubstituted p-
phenylendiamines ,bN& 6PPD, DPPD Q-$ TMQ &8�2�6%2�4& 15ON�%�2� P#n()�4&+(+@&���&
�� 7b�)�&Q55,0-GA(&TBA����B

 Ismail et al. (2002) T8��� �����("Tl"1-'()%� bNO**��!"�b&"��@,-& Silane coupling
agent ,� � Si-69 !N(-4��U$�� O4-0��&@3 Q-$%254!",b")�-'()*�)0(2#�O�3TBA2B,%�&7*�2��6N
,#e&%� !4O,!"2 Y���� �����15ON�,O-��� O4-0��&@3 (Cure time, t90) Q-$,O-�'()*�)%[��N(&
�8�F&� (Scorch time, t2) '()*�)-�-),2GA(,1"A2# "2�U'()%� !4O,!"2Q-$ Si-69 %NO&0O�2F&G�
2]&&B2B0N�,1"A2'�Z&,2GA(,1"A2# "2�U'()%� !4O,!"2 Q!N0O�2F&G�2]&&BY$2B0N�-�-),2GA(,1"A2# "2�U Si-
69 %NO&%254!",b")�-'()*�) ,bN& 0O�2!��&T�&!N(Q )��) 0O�2!��&T�&!N(�� mB�'�� 2(�[-4%
Q-$0O�2Q's) 2BQ&O+&�2,1"A2'�Z&,2GA(,1"A2# "2�U Si-69

Morin et al. (2002) ���0"�0�&O"lB�� !"�# $%�&'()*�)0(2#�O�3b&"� (NR, SBR,
NBR, EPDM, Neoprene, Polyurethane, Viton, Hypalon) �456��75b&"�1(-",(%,T( 3 1(-",(�2�3
Q-$�&-(& 7F�2B0O�2Q's)Q )'�Z&+�*�� T� Resorcinol-formaldehyde latex (RFL) �#5&6"OF&��
'()6��75 O"lB�� 6-"!Y$%8�, sY�����O*�� Y45�4&'()(&[2]-("% $ (Free radical)  $FON�)6��75�45, 
@"& '() RFL ,�"�,#e&14&l$ $FON�) -C-C- @�A),#e&14&l$+0O�,-&@32B0O�2Q's)Q )2��T8�7F��� 
!"�# $%�& $FON�)*�)0(2#�O�3�456��75���)N�*'�Z&6"��45O"lB,0-G(5Q55,�"2d 6-TBA���Y���� 
�����%�2� P&8��## $*[�!3T8�,#e&%NO&'()b4Z&6��757&*�) P*&!3 %�*1�&14�-2 %�*1�&
-8�,-B*) ,#e&!�&

Poh et al. (2002) T8��� �����("Tl"1-'()%� !4O,!"2,'2N��8� (N330) @"-"�� (Vulcasil C)
Q-$Q0-,@B*20� 35(,&!# "2�U 0 P�) 40 phr !N(%254!"0O�2!��&T�&!N(Q )��) Q-$0O�2!��&
T�&!N(�� mB�'��'()*�)6%2 SMR 5L/ENR25 Q-$ SMR 5L/SBR O4-0��&@3��O* $55,@2"(BOB
(Semi-efficient vulcanization system) T�%(5%254!"0O�2!��&T�&!N(Q )��) 300% 2(�[-4% Q-$
0O�2!��&T�&!N(�� mB�'����O*,0 GA() Tensometer  [N& Monsanto model T10 (4! �, sO�� ��) 50
cm/min 6-�� T�-()15ON�0N� $*$*G� U Y[�'�� -�-),2GA(7b�%� !4O,!"2,'2N��8�Q-$@"-"�� Q!N
0O�2!��&T�&!N(Q )��) 300% 2(�[-4% Q-$0O�2!��&T�&!N(�� mB�'�� 2B0N�%])'�Z&,2GA(,1"A2
# "2�U'()%� !4O,!"2 Q!N7&T�)! )�4&'��2,2GA(7b�%� !4O,!"2Q0-,@B*20� 35(,&!0N��4)�-N�O�-45
-�-) ,&GA()Y��Q0-,@B*20� 35(,&!,#e&%� !4O,!"2�2N,% "2# $%"Tl"\�1 (Non-reinforcing filler)
Q-$,2GA(%� !4O,!"27&# "2�U,TN��4&15ON�*�)6%2 SMR 5L/ENR 25 Y$2B0N�0O�2!��&T�&!N(Q )
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��) 300% 2(�[-4% Q-$0O�2!��&T�&!N(�� mB�'��%])�ON�*�)6%2 SMR 5L/SBR Q!N0N� $*$*G� U
Y[�'�� !A8��ON�*�)6%2 SMR 5L/SBR 0O�2Q's)Q )'()*�)6%2'�Z&(*]N�450O�2,'���4&���'()*�)
T4Z)%()b&"� ,bN& SMR 5L/ENR 25 2B%254!",b")�-TBA�B,&GA()Y��'U$,�"�0O�2,0 B*�%�2� P,�"�
6-����� Q-$0O�2,'���4&��� $FON�)*�)�45%� !4O,!"2 ,bN& *�) ENR 25 ,�"�(4&! �" "*��45@"-"��
(Rubber-filler interaction) ����B%N)6-7F��� *��,��$ $FON�)*�) ENR 25 Q-$@"-"���B'�Z&

 Pongdhorn et al. (2004) T8��� �����("Tl"1-'() $55�� O4-0��&@3Q55
Conventional vulcanization (CV), Semi-efficient vulcanization (semi-EV) Q-$ Efficient
vulcanization (EV) !N(%254!"T�)��*\�1'()*�)l  2b�!"TBA7b�%� ,% "2Q )b&"�@"-"��,� �
(Ultrasil VN2) Q-$%� bNO**��b&"��@,-&,� � Bis-(3-triethoxysilylpropyl) (Si-69) Q-$ 3-
Thiocyanatopropyl triethoxy silane (Si-264) 6-�� T�-()15ON� %� bNO**��b&"��@,-&T4Z)%()
,� �%�2� P-�1-4))�&�� 6%2Q-$0O�2F&G�'()*�)0(2#�O�3-)��� +�*TBA*�)l  2b�!"TBA7b�
Si-264 Y$bNO*7&�� Q#  ]#����B�ON�*�)l  2b�!"TBA7b� Si-69 ,&GA()Y��2B+0 )% ��)TBA,-s�Q-$0O�2
F&G�TBA!A8��ON� Y�)T8�7F�0O�2F&G�'()*�)0(2#�O�3-�-),#e&6-7F�1-4))�&�� 6%2-�-)��O*
%NO&*�)l  2b�!"TBA7b� Si-69 Y$,�"�#v"�" "*��456"OF&��'()@"-"�����2���ON� Si-264 ,&GA()Y��+0 )
% ��)'() Si-69 2BY8�&O&F2]N(4-0(�@BTBA#-�*%�*+@N2���ON� Si-264 %� bNO**��b&"��@,-&T4Z)%()
,� �%�2� P# 45# [)%254!",b")�-'()*�)O4-0��&@3 ,bN& 0O�2!��&T�&!N(Q )��) 0O�2!��&T�&
!N(�� mB�'�� 0O�2!��&T�&!N(�� %��F ( 2(�[-4% Q-$ �� ,%B* ]#F-4)�� ��(4� ,2GA(O4-0��&@3
��O* $55�8�2$�4&#�!"Q-$ $55 Semi-EV 15ON� Si-69 7F�%254!",b")�-�B�ON� Si-264 Q!N7&T�)
! )�4&'��2,2GA(7b� $55O4-0��&@3Q55 EV 15ON� Si-264 Y$7F�%254!",b")�-�B�ON� Si-69

 Hexiang et al. (2004) T8��� �����%� bNO**��!"� $FON�)*�)�45@"-"�� (Silane coupling
agents) ,� � 3-Octanoylthio-1-propyltriethoxysilane (NXT) Q-$ Bis [(3-triethoxysilylpropyl)
tetra sulfide] (TESPT F G( Si-69) !N(%254!"�� O4-0��&@3'()*�)l  2b�!"TBA7b�%� !4O,!"2b&"�@"
-"�� �� T�-()7b�,0 GA() Oscillating disk rheometer (ODR) T�%(5TBA([UF\]2" $FON�) 140 � 150
oC 6-�� T�-()15ON� ,O-��� O4-0��&@3�N(&�8�F&� (Scorch time) -�-),2GA(,1"A20O�2,'�2'�&
'() NXT Q-$ TESPT %NO&,O-��� O4-0��&@3�N(&�8�F&�'()*�)0(2#�O�3TBA7b� NXT *�O�ON�
TESPT 1-4))�&�� � $![�&'()*�)0(2#�O�3TBA7b� NXT Q-$ TESPT T4Z)0]N-�-),2GA(,1"A20O�2,'�2
'�&'()�@,-& Q!N1-4))�&�� � $![�&'()*�)0(2#�O�3TBA7b� NXT Y$!A8��ON� TESPT TBA0O�2,'�2
'�&'()�@,-&,TN��4&

 Pongdhorn et al. (2005) ���T8��� �����,# B*5,TB*5%254!"T�)��*\�1Q-$��&�2"�
'()*�)l  2b�!"TBA7b�%� bNO**��b&"��@,-&,� � Bis-(3-triethoxysilylpro pyl) tetrasulfane (Si-
69) Q-$ 3-Thiocyanatopropyl triethoxy silane (Si-264) +�*7b�%� ,% "2Q )b&"�@"-"��,� � (Hi-
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Sil 233) Q-$ $55�� O4-0��&@3Q55 Efficient vulcanization system (EV) 6-�� T�-()15ON�
,2GA(,1"A2# "2�U'()%� bNO**��b&"��@,-& T8�7F�0O�2F&G�'()*�)-�-) %N)6-7F�1-4))�&�� 
6%2-���O* # "2�U'()%� bNO**��b&"��@,-&TBA7F�%254!"0O�2!��&T�&!N(Q )��) Q-$0O�2!��&
T�&!N(�� mB�'��%])%[� 0G( 1.5 Q-$ 3 phr '() Si-69 Q-$ Si-264 !�2-8��45 Q-$# "2�U'() Si-
264 TBA2��'�Z&Y$bNO*7&�� Q#  ]#*�)����BQ!N%254!",b")�-Y$-�-) %NO&0O�2Q's)'()*�)l  2
b�!"TBA7b� Si-69 2BQ&O+&�2,1"A2'�Z& Q!N*�)l  2b�!"TBA7b� Si-264 0O�2Q's)Y$, "A2-�-),2GA(7%N,�"&
1.5 phr ,2GA(,# B*5,TB*5%254!"��&�2"�Q-$0O�2!��&T�&!N(�� 5N2, N) 15ON�*�)l  2b�!"TBA7b�
Si-69 Y$7F�0N� Storage modulus %])�ON�*�)l  2b�!"TBA7b� Si-264 Q!N7&T�)! )�4&'��20O�2!��&
T�&!N(�� 5N2, N)!A8��ON�l  2b�!"TBA7b� Si-264

 Pongdhorn et al. (2006) T8��� �����("Tl"1-'()%� bNO**��b&"��@,-&,� � Bis-(3-
triethoxysilylpropyl) tetrasulfane (Si-69) and 3-Thiocyanatopropyl triethoxy silane (Si-264) !N(
%254!"T�)��*\�1'()*�)0-(+ 1 B& (CR) TBA7b�@"-"��,#e&%� ,% "2Q )6-�� �����15ON�
# "2�U%� bNO**��b&"��@,-&T4Z)%(),� � %N)6-(*N�)2��!N(� $5O&�� 6%2*�)0(2#�O�3
,&GA()Y��T8�7F�*�)2B0O�2F&G�-�-) +�*,m1�$*�)TBA7b� Si-264 Y$7F�0N�0O�2F&G�Q-$1-4))�&
�� 6%2&�(*�ON�*�)TBA7b� Si-69 ,&GA()2�Y�� Si-264 2B&Z8�F&4�+2,-�[-Q-$0O�2F&G�!A8��ON� Si-69
Y�)%N)6-7F�*�)0(2#�O�32B0O�2F&G�-�-)��O*%"A)TBA&N�Q#-�7Y 0G( *�)TBA7b� Si-69 O4-0��&@3b��
�ON�*�)TBA7b� Si-264 (*N�)� �s!�2%� bNO**��b&"��@,-&T4Z)%(),� �Y$2B%NO&T8�7F�0O�2F&�Q&N&
'()�� ,bGA(2+*)'()*�)O4-0��&@3%])'�Z& ,&GA()Y��,�"�(4&! �" "*� $FON�)*�)�45%� ,% "2Q )
(Rubber�Filler interaction) %N)6-7F�%254!",b")�-'()*�)O4-0��&@3�B'�Z&��O* %NO&*�)TBA7b� Si-264
7&# "2�UTBA2��d Y$T8�F&��TBA,#e&1-�%!"�@,@( 3 (Plasticzer) %N)6-7F�0N�0O�2F&G� 2(�[-4% Q-$
0O�2Q's)'()*�)-�-) Q-$*�)TBA7b� Si-69 Y$2B0O�2!��&T�&!N(�� 5N2, N)!A8��ON�*�)TBA7b� Si-264

 Gregorova et al. (2006) ��������("Tl"1-'()%� ("&T B*3,b")@�(&7&,&GZ(�2� (-"�&"&)
!N(0O�2,%PB* '()*�)l  2b�!"O4-0��&@3 +�*T8��� ,# B*5,TB*5%254!"���&�� 5N2, N) $FON�)
*�)TBA6%2-"�&"& Q-$*�)TBA6%2%� #n()�4&*�),%GA(2b&"� N-phenyl-N-isopropyl-p-phenylene
diamine (IPPD) T8��� 6%2*�)�45,'2N��8�Q-�O,!"2-"�&"&Q-$%� (GA&d !�2-8��45'�Z& ]#,! B*2,#e&
b"Z&!4O(*N�)%8�F 45T�%(50O�2!��&T�&!N(�� 5N2, N) T8��� T�%(5�� 5N2, N)TBA([UF\]2" 80 oC
,#e&,O-� 24, 72, 168, 240 Q-$ 408 hr 6-�� T�-()15ON� -"�&"&%N)6-!N(0O�2,%PB* '()*�)
l  2b�!"O4-0��&@3 ,TB*5,TN��45*�)l  2b�!"TBA7b�%� #n()�4&*�),%GA(2b&"� (IPPD)
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1.3  	�������
���

1.3.1  ,1GA(�����F�%]! *�)TBA,F2�$%27&�� 7b�6-"!P[),�s5&Z8�
1.3.2  ,1GA(������� !"�# $%�& $FON�)*�)l  2b�!"�456��75
1.3.3  ,1GA(14x&�� $5O&�� 6-"!P[),�s5&Z8�TBA7b�*�)l  2b�!",#e&()03# $�(5F-4�

1.4  ������������	�
��

1.4.1 0�&0O��,(�%� Q-$)�&O"Y4*TBA,�BA*O'�()�45 �� !"�# $%�&'()*�)l  2b�!"�45,%�&7*
Q-$2�! y�&'()P[),�s5&Z8� Q-$�����%254!",b")�- �� T&!N(Q )��) T&!N(&Z8� Q-$T&!N(%\�O$
QO�-�(2'()6��75TBA6-"!7&T�)�� 0�� ,bN& 1(-",(%,T( 3 �&-(& Q-$ 6���n�* ,#e&!�&

1.4.2  14x&�%]! *�)TBA!�()��  0O�2!��&T�&!N(Q )��) 0O�2!��&T�&!N(�� mB�'�� 0O�2
!��&T�&!N(�� %��F ( Q-$!��&T�&!N(%\�O$QO�-�(2

1.4.3  7b�,T0&"0�� ,0-G(5*�)-)5&6��75��O*,0 GA() B�*�) 3 -]��-"Z)
1.4.4  �����F� $55O4-0��&@3TBA,F2�$%2%$�O�Q-$ O�, sO
1.4.5  T�%(5%254!",b")�- �� *��!"� Q-$�� T&!N(%\�O$QO�-�(2'()P[),�s5&Z8�

1.5  �������� !"��#	$�
�%#&���

1.5.1  T �5P�)0O�2%�2� P7&�� !"�# $%�& $FON�)*�)�456��75�&-(&Q-$6���n�*
1.5.2  T �5P�)%]! *�)TBA,F2�$%27&�� 7b�6-"!P[),�s5&Z8�
1.5.3  T �5P�) $55O4-0��&@3TBA,F2�$%2 Q-$-�!�&T[&7&�� 6-"!P[),�s5&Z8�
1.5.4 P[),�s5&Z8�&BZ%�2� P&8��#7b�# $+*b&37&P"A&T[ �4&�� TBA([#� U3P4),�s5&Z8�'&��7FwN,'��

�#�2NP�)���,#e&(*N�)�B
1.5.5  ,1GA(T�QT&6-"!\4Uc3,�s5&Z8� TBAT8�Y��1-�%!"� +-F$ Q-$,@ �2"�


