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ĔŅĶĻŉĔļŅĽĴĭńĨŇĕŀĚĵŅĚ BR-NR őħĵĴňĔŅĶįĽĴ NBR ŏıŊŗŀĮĶńĭĮĶŋĚŏĶŊŗŀĚėĺŅĴĴňĕńŘĺȮŐĸŃĬŜŅĴŅįĸŇĨŏĮƦĬ
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80-0-20 60-20-20 40-40-20 20-60-20 ŐĸŃ 0-80-20ȮőħĵįĽĴĵŅĚŐĨƞĸŃĝĬŇħŒĬ kneader 
mixer ŐĸŃŏĨŇĴĽŅĶŏėĴňȮėŊŀ ZnO-Stearic acid-MBTS-Sulphur 8Ȯ5-2-1,5-2 phr ĞŉŗĚŒĬĔŅĶŏĨĶňĵĴ
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Two+roll mill ŐĸƟĺĬŜŅœĮĨĶĺěĽŀĭĽĴĭńĨŇĔŅĶĺńĸėŅœĬĞƢħƟĺĵ MDR ŐĸŃĕŉŘĬĶŌĮŏıŊŗŀĪħĽŀĭĽĴĭńĨŇĨƞŅĚȮ
ŕȮœħƟŐĔƞȮĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅȮĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴĪĬĪŅĬĨƞŀĨńĺĪŜŅĸŃĸŅĵœĴƞĴňĕńŘĺŐĸŃŀŋĦľĳŌĴŇȮ
őħĵŒĝƟ Cloisite 30B ŏĮƦĬĽŅĶŏĽĶŇĴŐĶĚȮĞŉŗĚįĸĔŅĶĻŉĔļŅ SEM ĕŀĚĵŅĚįĽĴıĭĺƞŅ NBR ŏĮƦĬĺńĢĳŅė
ĔĶŃěŅĵĨńĺŀĵŌƞŒĬĺńĢĳŅėĨƞŀŏĬŊŗŀĚ BR Ĕńĭ NR ĽŜŅľĶńĭ Tensile strength, #Elongation at break 
ŐĸŃ Tear strength ĕŀĚ NR ĴŅĔĔĺƞŅ NBR ŐĸŃ BR ĞŉŗĚĵŅĚįĽĴĴňĽĴĭńĨŇħńĚĔĸƞŅĺŏıŇŗĴĕŉŘĬŏĴŊŗŀ NR 
ŏıŇŗĴĕŉŘĬȮŒĬĕĦŃĪňŗ Secant modulus ŐĸŃ Hardness ĕŀĚ NBR ĴŅĔĔĺƞŅ BR ŐĸŃ NR ĞŉŗĚĵŅĚįĽĴĴň
ĽĴĭńĨŇħńĚĔĸƞŅĺĸħĸĚŏĴŊŗŀ NR ŏıŇŗĴĕŉŘĬȮőħĵȮ#Tension set ĕŀĚĵŅĚĪŋĔŀńĨĶŅĽƞĺĬĴňėƞŅœĴƞŏĔŇĬ 5#ȮŐĸŃ
ĔŅĶĪħĽŀĭėĺŅĴĪĬĪŅĬĨƞŀŀŋĦľĳŌĴŇĪňŗ 70 ºC ıĭĺƞŅėƞŅ Secant modulus ŏıŇŗĴĕŉŘĬĽŌĚĽŋħĺńĬĪňŗ 5 ĕŀĚ
ĔŅĶĪħĽŀĭȮőħĵįĸĔŅĶĻŉĔļŅőĲĴĵŅĚıĭĺƞŅőĲĴ NR ĴňĕĬŅħŏĞĸĸƢőĲĴŏĸŖĔĽŋħȮĪŜŅŒľƟőĲĴĵŅĚįĽĴĴň
ĕĬŅħŏĞĸĸƢŏĸŖĔĸĚŏĴŊŗŀ NR ŏıŇŗĴĕŉŘĬȮőħĵĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴĵŅĚįĽĴĸħĸĚŏĴŊŗŀ NR ŏıŇŗĴĕŉŘĬȮŀňĔĪńŘĚ
ıĭĺƞŅĔŅĶŏĨŇĴ Cloisite 30B ŒĬőĲĴĵŅĚįĽĴĪŜŅŒľƟĕĬŅħĕŀĚŏĞĸĸƢȮŐĸŃĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴĵŅĚįĽĴ
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Blend of NR and BR is high flexibility and abrasion resistance,ȮNevertheless, 
NR-BR blend has some drawbacks such as poor non+polar solvent resistance,ȮNBR 
compound has an excellent resistance to non+polar oils,ȮFoam materials have been 
interested due to its lightweight,ȮThe aim of this research was to study the properties 
of ternary rubber blend and foam based on BR-NR-NBR, including effect of Cloisite 30B 
&C30B'Ȯon rubber foam,ȮThe ratios of BR-NR-NBR rubber blend were 80-0-20, 60-20-20, 
40-40-20, 20-60-20 and 0-80-20,ȮThe rubber blend was mixed in kneader mixer and 
then cure agents were added in two+roll mill,ȮThe curing agents of rubber blends were 
5-2-1,5-2 phr of ZnO-Stearic acid-MBTS-Sulphur,ȮFor rubber foam, blowing agents 
&CTP-Silica-EW8Ȯ0,5-30-10 phr'Ȯand 3 phr C30B were added,ȮFrom the results, it was 
found that morphology of rubber blend showed the continuous phase of NR and BR, 
which NBR droplet was disperse phase,ȮTensile strength, #elongation at break and tear 
strength of NR were higher than those of NBR and BR even rubber blend were increased 
with NR content,ȮSecant modulus and hardness of NR were higher than those NBR and 
BR even rubber blend were increased with NR content,ȮTension set of rubber blend 
was less than 5#,ȮThe results of thermal aging at 70 ºC indicated maximum secant 
modulus at 5th days of testing,ȮFor rubber foam, the cell size and cell wall of rubber 
foam having NR as major phase was smaller than that of the foam that has BR as a 
major phase,ȮMechanical properties were increased with BR content,ȮThe rubber foam 
incorporated with C30B showed better mechanical properties than the rubber foam 
without C30B, 
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ĚŅĬĺŇěńĵĜĭńĭĬňŘŏĽĶŖěĽĴĭŌĶĦƢœĮœħƟħƟĺĵħňȮŏĬŊŗŀĚěŅĔœħƟĶńĭėŜŅŐĬŃĬŜŅȮŐĸŃėĺŅĴŀĬŋŏėĶŅŃľƢěŅĔ
ľĸŅĵŕȮİƙŅĵȮĪňŗĴňĽƞĺĬĝƞĺĵĽĬńĭĽĬŋĬȮŐĸŃŒľƟėĺŅĴĝƞĺĵŏľĸŊŀŒĬĪŋĔȮŕȮħƟŅĬȮĞŉŗĚĨƟŀĚĕŀĕŀĭıĶŃėŋĦ
ħńĚĨƞŀœĮĬňŘȮįŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ěńĬĪĶƢĜŅĵȮĪŀĚĮƕƧĬȮŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĚŅĬĺŇěńĵȮįŌƟŒľƟėŜŅĮĶŉĔļŅȮ
ėŜŅŐĬŃĬŜŅȮĔŜŅĸńĚŒěȮŐĸŃŐĚƞėŇħĪňŗħňŏĔňŗĵĺĔńĭĔŅĶĪŜŅĚŅĬĺŇěńĵȮŐĸŃĔŅĶŒĝƟĝňĺŇĨȮěĬĽŅĴŅĶĩĪŜŅĚŅĬĺŇěńĵœħƟĽŜŅŏĶŖě
ĸŋĸƞĺĚȮįŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĽĴŏěĨĬƢȮıńĝĶıńĬīƢȮĔĶĶĴĔŅĶįŌƟĪĶĚėŋĦĺŋĥŇȮŐĸŃįŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,Ȯ
ĦńģĔŅĠěĬƢȮľĚĽƢĻĶňıńĬīƢȮĨĸŀħěĬėĦŅěŅĶĵƢĪŋĔĪƞŅĬŒĬĳŅėĺŇĝŅĺŇĪĵŅĔŅĶŐĸŃĺŇĻĺĔĶĶĴĺńĽħŋȮėĦŃ
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ėĺŅĴĶƟŀĬľĶŊŀĔŅĶĭĺĴĨńĺŏĴŊŗŀĽńĴįńĽĔńĭĨńĺĪŜŅĸŃĸŅĵŀŇĬĪĶňĵƢȮŏĮƦĬĨƟĬȮħńĚĬńŘĬĬńĔĺŇĪĵŅĻŅĽĨĶƢěŉĚœħƟėŇħėƟĬ

ĵŅĚĽńĚŏėĶŅŃľƢŏıŊŗŀĬŜŅĴŅŒĝƟĪħŐĪĬĵŅĚīĶĶĴĝŅĨŇȮőħĵĵŅĚĽńĚŏėĶŅŃľƢįĸŇĨœħƟěŅĔŀŋĨĽŅľĔĶĶĴĮƕőĨĶŏėĴňȮ

ŐĸŃĵŅĚĽńĚŏėĶŅŃľƢĴňŀĵŌƞľĸŅĵĝĬŇħȮȮŏĝƞĬȮĵŅĚĭŇĺĪŅœħŀňĬȮ&Butadiene rubber, BR'ȮĵŅĚĽœĨĶňĬĭŇĺĪŅ

œħŀňĬȮ&Styrene+butadiene rubber, SBR'ȮĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬȮ&Acrylonitrile+

butadiene rubber, NBR'ȮŏĮƦĬĨƟĬȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴȮĵŅĚŐĨƞĸŃĝĬŇħĔŖĴňĽĴĭńĨŇĪňŗħňȮŐĸŃĽĴĭńĨŇĪňŗœĴƞħňĪňŗ

ŐĨĔĨƞŅĚĔńĬœĮȮěŉĚĴňŐĬĺėŇħŒĬĔŅĶĬŜŅĵŅĚŐĨƞĸŃĝĬŇħĴŅįĽĴĔńĬŏıŊŗŀŒľƟœħƟĽĴĭńĨŇĪňŗħňĕŉŘĬĨŅĴĸńĔļĦŃĔŅĶ

ŒĝƟĚŅĬ 

ŒĬĮƤěěŋĭńĬįĸŇĨĳńĦĤƢĵŅĚĪńŗĺœĮĴńĔįĸŇĨěŅĔĔŅĶŒĝƟĵŅĚįĽĴȮĞŉŗĚľĴŅĵĩŉĚĔŅĶŒĝƟĵŅĚĴŅĔĔĺƞŅľĬŉŗĚ

ĝĬŇħȮŏıŊŗŀŏĮƦĬĔŅĶĽƞĚŏĽĶŇĴŒľƟįĸŇĨĳńĦĤƢĴňĽĴĭńĨŇĨŅĴĪňŗĨƟŀĚĔŅĶŒľƟĴŅĔĪňŗĽŋħȮĪŜŅŒľƟĽŃħĺĔŒĬĔŅĶŐĮĶĶŌĮ

įĸŇĨĳńĦĤƢȮľĶŊŀŏĮƦĬĔŅĶĸħĨƟĬĪŋĬĔŅĶįĸŇĨœĮħƟĺĵȮőħĵĽƞĺĬŒľĠƞĴňĔŅĶįĽĴĔńĬĽŀĚĝĬŇħľĶŊŀĽŅĴĝĬŇħ

ŏĮƦĬĨƟĬȮėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚĵŅĚĪňŗĬŜŅĴŅįĽĴĩŊŀŏĮƦĬĮƤěěńĵĪňŗĽŜŅėńĠĨƞŀĽĴĭńĨŇĕŀĚĵŅĚįĽĴĪňŗœħƟȮŏĬŊŗŀĚěŅĔ

ĵŅĚŐĨƞĸŃĝĬŇħĴńĔįĽĴŏĕƟŅĔńĬœħƟĵŅĔȮĔƞŀŒľƟŏĔŇħĮƤĠľŅĔŅĶŏĔŇħĔŅĶėĚĶŌĮȮŐĸŃĔŅĶĔĶŃěŅĵĕŀĚĽŅĶŏėĴň

ŐĸŃĨńĺŏĨŇĴŒĬĵŅĚŐĨƞĸŃĝĬŇħ 

őħĵŒĬĮƤěěŋĭńĬĴňėĺŅĴĽĬŒěŒĬĺńĽħŋĮĶŃŏĳĪőĲĴŀĵƞŅĚĔĺƟŅĚĕĺŅĚȮŏĬŊŗŀĚěŅĔŏĮƦĬĺńĽħŋĪňŗĴňĬŘŜŅľĬńĔ

ŏĭŅȮĴňėĺŅĴľĸŅĔľĸŅĵŒĬĔŅĶŒĝƟĚŅĬȮŐĸŃĝƞĺĵĸħĨƟĬĪŋĬĔŅĶįĸŇĨȮĞŉŗĚőĲĴĵŅĚȮľĶŊŀĵŅĚĲŀĚĬŘŜŅĴň

ĸńĔļĦŃŏĮƦĬĶŌıĶŋĬȮŒĝƟĪŜŅįĸŇĨĳńĦĤƢěŜŅıĺĔȮŏĭŅŃĬńŗĚȮĪňŗĬŀĬȮľĴŀĬȮĽŊŗŀĔŅĶĽŀĬȮĨŋƠĔĨŅŐĸŃĕŀĚĝŜŅĶƞĺĵ

ĨƞŅĚŕȮľĸńĔĔŅĶĽŜŅėńĠĕŀĚĔŅĶįĸŇĨőĲĴĵŅĚėŊŀȮĔŅĶĪŜŅŒľƟĵŅĚŏĔŇħĲŀĚĕŀĚŀŅĔŅĻľĶŊŀĕŀĚŐĔƠĽĨƞŅĚŕĕŉŘĬ

ĳŅĵŒĬŐĸƟĺĪŜŅŒľƟĲŀĚĵŅĚėĚĶŌĮȮőħĵŒĝƟĽŅĶŏėĴňŐĸŃėĺŅĴĶƟŀĬŏĮƦĬĨńĺĝƞĺĵȮȮŐĨƞĔŅĶĪŜŅįĸŇĨĳńĦĤƢőĲĴěŅĔ

ĵŅĚĬńŘĬĵńĚĮĶŃĽĭĮƤĠľŅŏĶŊŗŀĚĔĶŃĭĺĬĔŅĶįĸŇĨŒĬŐĨƞĸŃĕńŘĬĨŀĬĵńĚœĴƞħňıŀĪŜŅŒľƟœħƟŏĬŊŘŀőĲĴœĴƞĽĴŗŜŅŏĽĴŀ 

 



 2 
 

 
 

ĚŅĬĺŇěńĵĬňŘěŉĚœħƟĴňŐĬĺėŇħŒĬĔŅĶĪŜŅĔŅĶĻŉĔļŅĽĳŅĺŃŒĬĔŅĶĕŉŘĬĶŌĮőĲĴĵŅĚįĽĴĕŀĚȮĵŅĚ

īĶĶĴĝŅĨŇȮ&Natural rubber, NR'ȮĵŅĚĭŇĺĪŅœħŀňĬȮ&Butadiene rubber, BR'ȮŐĸŃĵŅĚŀŃėĶŇőĸœĬ

œĨĶĸƢĭŇĺĪŅœħŀňĬȮ&Acrylonitrile+butadiene rubber, NBR'ȮŐĸŃĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴ

ĶƟŀĬȮĽĴĭńĨŇĔŅĶœľĸȮĶĺĴĪńŘĚĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅȮőħĵĵŅĚįĽĴĕŀĚĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚĭŇĺĪŅœħ

ŀňĬȮěŃĪŜŅŒľƟœħƟĵŅĚĪňŗĴňĽĴĭńĨŇĪňŗħňȮŐĨƞŏĬŊŗŀĚěŅĔĪńŘĚĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚĭŇĺĪŅœħŀňĬȮŏĮƦĬĵŅĚĪňŗœĴƞĴňĕńŘĺȮ

ĪŜŅŒľƟœĴƞĽŅĴŅĶĩĬŜŅœĮŒĝƟĚŅĬŒĬĽĳŅĺŃĪňŗĨƟŀĚĔŅĶėĺŅĴŏĮƦĬĕńŘĺȮŏĝƞĬȮŒĬŀŋĨĽŅľĔĶĶĴĔŅĶįĸŇĨĵŅĚĶĩĵĬĨƢȮ

ľĶŊŀĲŀĚĬŘŜŅħŌħĞńĭĬŘŜŅĴńĬȮŏĮƦĬĨƟĬȮěŉĚĴňŐĬĺėŇħŒĬĔŅĶĬŜŅĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚĭŇĺĪŅœħŀňĬȮĴŅįĽĴĔńĭ

ĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬȮĞŉŗĚőėĶĚĽĶƟŅĚĕŀĚĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬĽƞĺĬľĬŉŗĚŏĮƦĬĽƞĺĬ

ĕŀĚĭŇĺĪŅœħŀňĬěŉĚĬƞŅěŃĽŅĴŅĶĩŏĕƟŅĔńĬœħƟĔńĭĵŅĚįĽĴĕŀĚĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚĭŇĺĪŅœħŀňĬȮőħĵĵŅĚ

ŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬŏĮƦĬĵŅĚĪňŗĴňľĴŌƞœĬœĨĶĸƢŀĵŌƞŒĬőėĶĚĽĶƟŅĚĞŉŗĚĪŜŅŒľƟĴňėĺŅĴŏĮƦĬĕńŘĺĽŌĚĔĺƞŅĪńŘĚĵŅĚ

īĶĶĴĝŅĨŇŐĸŃĵŅĚĭŇĺĪŅœħŀňĬȮŐĸŃŒĬĚŅĬĺŇěńĵĬňŘĵńĚœħƟĪŜŅĔŅĶĻŉĔļŅĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚĸĚŒĬőĲĴĵŅĚ

įĽĴĕŀĚĵŅĚīĶĶĴĝŅĨŇȮĵŅĚĭŇĺĪŅœħŀňĬȮŐĸŃĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬȮőħĵĽŅĶŏĨŇĴŐĨƞĚĪňŗŒĝƟėŊŀȮ

ŀŀĶƢĔŅőĬŏėĸĵƢȮ&Organoclay'Ȯ 

/,0ȮĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 
1,ȮŏıŊŗŀĻŉĔļŅĽĴĭńĨŇĕŀĚĵŅĚįĽĴĶŃľĺƞŅĚĵŅĚĭŇĺĪŅœħŀňĬȮĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢ

ĭŇĺĪŅœħŀňĬ 

0,ȮŏıŊŗŀĻŉĔļŅĽĴĭńĨŇĕŀĚőĲĴĵŅĚįĽĴĶŃľĺƞŅĚĵŅĚĭŇĺĪŅœħŀňĬȮĵŅĚīĶĶĴĝŅĨŇȮŐĸŃ 
ĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬ 

1,ȮŏıŊŗŀĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚĶŃħńĭĬŅőĬĪňŗĴňĨƞŀőĲĴĵŅĚįĽĴĶŃľĺƞŅĚ 
ĵŅĚĭŇĺĪŅœħŀňĬȮĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬ 

/,1ȮĕŀĭŏĕĨĕŀĚĔŅĶĺŇěńĵ 
ĺńĽħŋŐĸŃĽŅĶŏėĴňĪňŗŒĝƟ 

ĨŅĶŅĚĪňŗȮ1,1ȮŐĽħĚĽŅĶŏėĴňĪňŗŒĝƟ 

ĸŜŅħńĭ ĝŊŗŀĽŅĶŏėĴň ľĬƟŅĪňŗ ĮĶŇĴŅĦ&phr' 
/ ĵŅĚĭŇĺĪŅœħŀňĬ, BR ĺńĢĳŅėľĸńĔ + 

2 ĵŅĚīĶĶĴĝŅĨŇ, NR ĺńĢĳŅėľĸńĔ + 

3 ĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬ, NBR ĺńĢĳŅėľĸńĔ + 
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ĸŜŅħńĭ ĝŊŗŀĽŅĶŏėĴň ľĬƟŅĪňŗ ĮĶŇĴŅĦ&phr' 

4 0+0Ų+Dithiobis &benzothiazole',Ȯ
MBTS 

ĽŅĶĨńĺŏĶƞĚŒľƟĵŅĚėĚĶŌĮ 1,5 

5 ĞŇĚėƢŀŀĔœĞħƢ, ZnO ĽŅĶĨńĺĔĶŃĨŋƟĬĽŅĶĨńĺŏĶƞĚ 3 

6 ĔĶħĽŏĨňĵĶŇĔ, Stearic acid ĽŅĶĨńĺĔĶŃĨŋƟĬĽŅĶĨńĺŏĶƞĚ 0 

7 ĔŜŅĴŃĩńĬ, S8 ĽŅĶĪŜŅŒľƟĵŅĚėĚĶŌĮ 0 

6 Retarder CTP ĽŅĶľĬƞĺĚĮġŇĔŇĶŇĵŅ .,3 

7 ĞŇĸŇĔŅ, Precipitate silica ĽŅĶĔƞŀŒľƟŏĔŇħĔŅĶıŀĚĲŌ 30 

/. Supercell+EW ĽŅĶıŀĚĲŌ /. 

// ŀŀĶƢĔŅőĬŏėĸĵƢ, cloisite 1.B ĽŅĶŏĨŇĴŐĨƞĚ 1 

 

/,2ȮĕńŘĬĨŀĬŒĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 
ĻŉĔļŅŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

- ĻŉĔļŅŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚȮŏıŊŗŀĬŜŅĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭĚŅĬĺŇěńĵ 

ŀŀĔŐĭĭĺŇīňĔŅĶĪħĸŀĚŐĸŃĺŅĚŐįĬĔŅĶĪħĸŀĚ 

- ŀŀĔŐĭĭŐĸŃĺŅĚŐįĬĔŅĶĪħĸŀĚ 

- ěńħĞŊŘŀĽŅĶŏėĴňŐĸŃŀŋĮĔĶĦƢĨƞŅĚȮŕ 

ħŜŅŏĬŇĬĚŅĬĺŇěńĵȮ 

- ŐĭƞĚŏĮƦĬȮ1ȮĽƞĺĬœħƟŐĔƞ 

 ĽƞĺĬĪňŗȮ/ȮĻŉĔļŅĵŅĚįĽĴĕŀĚĵŅĚĭŇĺĪŅœħŀňĬȮ&Butadiene rubber, BR'ȮĵŅĚīĶĶĴĝŅĨŇȮ

&Natural rubber, NR'ȮŐĸŃĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬȮ&Acrylonitrile+butadiene rubber, 

NBR'ȮħƟĺĵĶŃĭĭȮCV system őħĵĪŜŅĔŅĶįĽĴĵŅĚȮBR-NR-NBR ŒĬȮInternal mixer ěŅĔĬńŘĬĬŜŅĵŅĚ

œĮįĽĴĔńĭĽŅĶĕŉŘĬĶŌĮŀŊŗĬŕȮħƟĺĵŏėĶŊŗŀĚȮTwo+roll mill ŐĸƟĺĬŜŅĵŅĚįĽĴœĮĕŉŘĬĶŌĮŏıŊŗŀĪħĽŀĭ 

ĽƞĺĬĪňŗȮ2ȮĻŉĔļŅĔŅĶĪŜŅőĲĴĵŅĚįĽĴȮBR-NR-NBRȮőħĵĪŜŅĔŅĶŏĸŊŀĔŀńĨĶŅĽƞĺĬĔŅĶįĽĴěŅĔĽƞĺĬ

ĪňŗȮ/ȮŏıŊŗŀĻŉĔļŅĽĳŅĺŃĔŅĶȮcure ŐĸŃĔŅĶȮfoamingȮĕŀĚőĲĴĵŅĚįĽĴȮĞŉŗĚŒĝƟȮSupercell+EW ŏĮƦĬ 

Blowing agentȮőħĵŒĝƟĺŇīňĔŅĶĪŜŅȮcompound rubber ŏĝƞĬŏħňĵĺĔńĬĔńĭĽƞĺĬĪňŗȮ/ȮŐĨƞŒĬĕńŘĬĨŀĬĔŅĶȮ

įĽĴĽŅĶĕŉŘĬĶŌĮĵŅĚħƟĺĵŏėĶŊŗŀĚȮtwo+roll mill ĨƟŀĚŒĽƞĽŅĶĔƞŀŒľƟŏĔŇħĔŅĶıŀĚĲŌȮŐĸŃȮĽŅĶıŀĚĲŌĔƞŀĬȮ
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Sulphur ŐĸƟĺĬŜŅœĮľŅŏĺĸŅŒĬĔŅĶŏĶŇŗĴȮcuring &ts2'ȮŐĸƟĺľŅĽŌĨĶȮcuring ĪňŗħňȮěŅĔĬńŘĬĬŜŅĽĳŅĺŃĪňŗœħƟĴŅ

ĪħĸŀĚŒĝƟĔńĭĪŋĔŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮŐĸƟĺĪŜŅĔŅĶĕŉŘĬĶŌĮŏıŊŗŀĪħĽŀĭ 

ĽƞĺĬĪňŗȮ1ȮĪŜŅĔŅĶĻŉĔļŅőĲĴĵŅĚįĽĴȮBR-NR-NBRȮĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĶŃħńĭĬŅőĬȮ

&Nanofiller'ȮėŊŀȮŀŀĶƢĔŅőĬŏėĸĵƢȮ&Cloisite 30B'ȮőħĵįĽĴĔńĭőĲĴĵŅĚįĽĴĽŅĴĽƞĺĬȮ&Ternary rubber 

foam'ȮőħĵŒĝƟĺŇīňĔŅĶĪŜŅȮfoamȮrubber blend ŏĝƞĬŏħňĵĺĔńĬĔńĭĽƞĺĬĪňŗȮ0ȮŐĨƞŒĬĕńŘĬĨŀĬĔŅĶįĽĴĽŅĶĕŉŘĬ

ĶŌĮĵŅĚħƟĺĵȮtwo+roll millȮĨƟŀĚĪŜŅĔŅĶįĽĴ NanofillerȮŐĸƟĺĬŜŅœĮĕŉŘĬĶŌĮŏıŊŗŀĪħĽŀĭ 

/,3ȮĮĶŃőĵĝĬƢĪňŗœħƟĶńĭ 
1,ȮĪŜŅŒľƟĪĶŅĭĩŉĚĽĴĭńĨŇĨƞŅĚȮŕȮĕŀĚĵŅĚįĽĴĶŃľĺƞŅĚĵŅĚĭŇĺĪŅœħŀňĬȮĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚ

ŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬ 

0,ȮĪŜŅŒľƟĪĶŅĭĩŉĚĽĴĭńĨŇĨƞŅĚȮŕȮĕŀĚőĲĴĵŅĚįĽĴĶŃľĺƞŅĚĵŅĚĭŇĺĪŅœħŀňĬȮĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚ
ŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬ 

1,ȮĪŜŅŒľƟĪĶŅĭĩŉĚŀŇĪīŇıĸŒĬĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚĶŃħńĭĬŅőĬĪňŗĴňĨƞŀőĲĴĵŅĚįĽĴ 
ĶŃľĺƞŅĚĵŅĚĭŇĺĪŅœħŀňĬȮĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬ 
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ĭĪĪňŗȮ0 
ŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

ĵŅĚȮŏĮƦĬĺńĽħŋıŀĸŇŏĴŀĶƢĝĬŇħľĬŉŗĚĞŉŗĚĴňĽĴĭńĨŇĪňŗŏĮƦĬŏŀĔĸńĔļĦƢȮŒĬħƟŅĬėĺŅĴĵŊħľĵŋƞĬȮ&elasticity'Ȯ

ėŊŀȮŏĴŊŗŀĴňĔŅĶŒľƟŐĶĚħŉĚľĶŊŀĔħĵŅĚȮĵŅĚĴňıķĨŇĔĶĶĴĵŊħľĶŊŀĵŋĭœħƟȮŐĸŃĽŅĴŅĶĩĔĸńĭĽŌƞĽĳŅıŏħŇĴœħƟŏĴŊŗŀ

ĮĸƞŀĵŒľƟĵŅĚŏĮƦĬŀŇĽĶŃȮĬńĔŀŋĨĽŅľĔĶĶĴĵŅĚěŉĚŏĶňĵĔĵŅĚĺƞŅȮŀŇĸŅĽőĨŏĴŀĶƢȮ&elastomer'ȮĞŉŗĚĵŅĚĩŊŀŏĮƦĬ

ĺńĨĩŋħŇĭĪňŗĴňĔŅĶĬŜŅĴŅŐĮĶĶŌĮŏĮƦĬįĸŇĨĳńĦĤƢĨƞŅĚȮŕȮĴŅĔĴŅĵȮŏĝƞĬȮĵŅĚĶĩĵĬĨƢȮĵŅĚĮŌıŊŘĬȮĵŅĚĔńĬĔĶŃŐĪĔȮ

ĪƞŀĵŅĚħŌħĬŘŜŅȮĽŅĵıŅĬĸŜŅŏĸňĵĚȮŏĭŅŃőĲĴĵŅĚȮŏĮƦĬĨƟĬȮőħĵĵŅĚĪňŗĬŜŅĴŅŐĮĶĶŌĮŏĮƦĬįĸŇĨĳńĦĤƢĨƞŅĚȮŕȮĬńŘĬȮ

ĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬĽŀĚĮĶŃŏĳĪĨŅĴŐľĸƞĚĪňŗĴŅȮėŊŀȮĵŅĚĪňŗœħƟěŅĔĨƟĬıŊĝȮŏĶňĵĔĺƞŅȮĵŅĚīĶĶĴĝŅĨŇȮ

&natural rubber'ȮŐĸŃĵŅĚĪňŗœħƟěŅĔĔŅĶĽńĚŏėĶŅŃľƢĪŅĚŏėĴňȮŏĶňĵĔĺƞŅȮĵŅĚĽńĚŏėĶŅŃľƢȮ&synthetic 

rubber' 

0,/ȮĵŅĚīĶĶĴĝŅĨŇȮ&Natural rubber, NR'ȮY1[ 
ĵŅĚīĶĶĴĝŅĨŇľĶŊŀĵŅĚıŅĶŅȮĽƞĺĬĴŅĔœħƟěŅĔĔŅĶĔĶňħěŅĔĨƟĬĵŅĚıŅĶŅĽŅĵıńĬīŋƢȮHevea 

Braziliensis ĸńĔļĦŃĕŀĚĬŘŜŅĵŅĚĪňŗœħƟŏĮƦĬĽňĕŅĺĕƟĬȮĴňŏĬŊŘŀĵŅĚŐľƟĚĮĶŃĴŅĦȮ1.#ȮőħĵĬŘŜŅľĬńĔȮľĸńĚěŅĔ

ĬńŘĬĬŜŅœĮĮƤƧĬŏľĺňŗĵĚȮŒľƟœħƟŏĬŊŘŀĵŅĚŐľƟĚȮ4.#ȮőħĵĬŘŜŅľĬńĔȮĞŉŗĚŏĶňĵĔĺƞŅĬŘŜŅĵŅĚĕƟĬȮŐĸŃĴňĔŅĶŏĨŇĴŐŀĴőĴŏĬňĵȮ

ŐĸŃĽŅĶŏėĴňŀŊŗĬȮŕȮŏıŊŗŀĝƞĺĵĶńĔļŅĽĳŅıĕŀĚĬŘŜŅĵŅĚĕƟĬȮľĸńĚěŅĔĬńŘĬĪŜŅĔŅĶĽƞĚŀŀĔĽŌƞĨĸŅħŏıŊŗŀĬŜŅœĮįĸŇĨȮ

ŏĮƦĬįĸŇĨĳńĦĤƢĨƞŅĚȮŕȮŏĝƞĬȮĩŋĚĴŊŀĵŅĚȮĩŋĚĵŅĚŀĬŅĴńĵȮĸŌĔőĮƙĚȮěŋĔľńĺĬĴȮŏĮƦĬĨƟĬȮĽƞĺĬĵŅĚŐľƟĚȮœħƟěŅĔĔŅĶ

ĬŜŅĬŘŜŅĵŅĚĽħĴŅŏĨŇĴĔĶħȮ&ĔĶħŀŃĞŇĨŇėȮĔĶħĲŀĶƢĴŇėȮľĶŊŀĔĶħĞńĸĲŌĶŇė'ȮĪŜŅŒľƟŏĔŇħĔŅĶěńĭĨńĺĕŀĚĬŘŜŅĵŅĚ

ŏĮƦĬĔƟŀĬŐĕŖĚȮŐĸŃŐĵĔĨńĺŀŀĔěŅĔĬŘŜŅȮȮĬŜŅœĮĶňħħƟĺĵĸŌĔĔĸŇŘĚȮŀĭĶĴėĺńĬȮŏĮƦĬŏĺĸŅȮ0+1ȮĺńĬȮĵŅĚĪňŗœħƟěŅĔ

ĔĶŃĭĺĬĔŅĶĬňŘȮėŊŀȮĵŅĚŐįƞĬĶĴėĺńĬȮĬŀĔěŅĔĬňŘĵńĚĴňĵŅĚŏėĶĲȮĞŉŗĚœħƟěŅĔĔŅĶĬŜŅŏĻļĵŅĚȮ 

&ĕňŘĵŅĚ'ȮœĮĶňħŒĬŏėĶŊŗŀĚŏėĶĲȮŐĸŃĬŜŅĽŇŗĚĽĔĮĶĔĨƞŅĚȮŕȮŀŀĔȮĵŅĚĝĬŇħĬňŘĴňĽňŏĕƟĴěŜŅŏĮƦĬĨƟŀĚŒĽƞĽŅĶĲŀĔĽňȮ

ŏıŊŗŀŒľƟĵŅĚĴňĽňĕŅĺĕŉŘĬȮŏıŊŗŀĬŜŅĴŅĪŜŅŏĮƦĬĵŅĚŐĪƞĚȮĞŉŗĚŒĝƟĵŅĚŐįƞĬĶĴėĺńĬȮŐĸŃĵŅĚŏėĶĲĴŅįĽĴĔńĬȮőħĵ

ĽŅĴŅĶĩŐĭƞĚŏĔĶħĵŅĚŐĪƞĚœħƟěŅĔĮĶŇĴŅĦŏĩƟŅȮħńĝĬňėĺŅĴŀƞŀĬĨńĺĨŅĴĴŅĨĶģŅĬĵŅĚŐĪƞĚ 

ĮƤěěŋĭńĬŀŋĨĽŅľĔĶĶĴĽƞĺĬŒľĠƞŏĶŇŗĴŏĮĸňŗĵĬĴŅŒĝƟĵŅĚŐĪƞĚľĶŊŀĵŅĚĔƟŀĬŏĮƦĬĺńĨĩŋħŇĭȮĪńŘĚĬňŘ

ŏĬŊŗŀĚěŅĔĵŅĚŐĪƞĚŏĮƦĬĵŅĚĴňėŋĦĳŅıĪňŗĽĴŗŜŅŏĽĴŀĔĺƞŅĵŅĚŐįƞĬĶĴėĺńĬȮįƞŅĬĔŅĶĪħĽŀĭŐĸŃěńħĝńŘĬŏıŊŗŀ

ĶńĭĶŀĚėŋĦĳŅıĨŅĴľĸńĔĺŇĝŅĔŅĶȮĺńĨĩŋħŇĭĕŀĚĔŅĶįĸŇĨĵŅĚŐĪƞĚȮœħƟŐĔƞȮĬŘŜŅĵŅĚľĶŊŀĵŅĚŐįƞĬĕŉŘĬŀĵŌƞĔńĭ

ŏĔĶħĕŀĚĵŅĚŐĪƞĚĪňŗĨƟŀĚĔŅĶįĸŇĨȮ
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ĳŅıĪňŗȮ2,1ȮĔĶŃĭĺĬĔŅĶįĸŇĨĵŅĚŐĪƞĚ 

0,/,/ȮőėĶĚĽĶƟŅĚŀĚėƢĮĶŃĔŀĭŐĸŃĔŅĶĽńĚŏėĶŅŃľƢ 

ĵŅĚīĶĶĴĝŅĨŇĴňĝŊŗŀĪŅĚŏėĴňȮėŊŀȮcis+/,2+polyisopreneȮŐĽħĚħńĚĳŅıĪňŗȮ2,2ȮĔĸƞŅĺėŊŀȮĴňȮ

isoprene &C3H6'nȮőħĵĪňŗȮn ĴňėƞŅĨńŘĚŐĨƞȮ3,...Ȯ+0.,...ȮŏĬŊŗŀĚěŅĔĽƞĺĬĮĶŃĔŀĭĕŀĚĵŅĚīĶĶĴĝŅĨŇŏĮƦĬ

œŁőħĶėŅĶƢĭŀĬĪňŗœĴƞĴňĕńŘĺȮħńĚĬńŘĬĵŅĚīĶĶĴĝŅĨŇěŉĚĸŃĸŅĵœħƟħňŒĬĨńĺĪŜŅĸŃĸŅĵĪňŗœĴƞĴňĕńŘĺȮŏĝƞĬȮŏĭĬĞňĬȮ 

ŏŁĔŏĞĬȮŏĮƦĬĨƟĬȮőħĵĪńŗĺœĮĵŅĚīĶĶĴĝŅĨŇĴňőėĶĚĽĶƟŅĚĔŅĶěńħŏĶňĵĚĨńĺĕŀĚőĴŏĸĔŋĸŐĭĭŀĽńĦģŅĬȮ

&amorphous'ȮŐĨƞŒĬĭŅĚĽĳŅĺŃőĴŏĸĔŋĸĕŀĚĵŅĚĽŅĴŅĶĩěńħŏĶňĵĚĨńĺėƞŀĬĕƟŅĚŏĮƦĬĶŃŏĭňĵĭĪňŗŀŋĦľĳŌĴŇĨŗŜŅ

ľĶŊŀŏĴŊŗŀĩŌĔĵŊħȮĴńĬěŉĚĽŅĴŅĶĩŏĔŇħįĸŉĔȮ&crystallize'ȮœħƟȮĔŅĶŏĔŇħįĸŉĔŏĬŊŗŀĚěŅĔŀŋĦľĳŌĴŇĨŗŜŅȮ 

&low temperature crystallization'ȮĪŜŅŒľƟĵŅĚŐĕŖĚĴŅĔĕŉŘĬȮŐĨƞĩƟŅŀŋĦľĳŌĴŇĽŌĚĕŉŘĬĵŅĚĔŖŀƞŀĬĬŋƞĴĸĚŐĸŃ

ĔĸńĭĽŌƞĽĳŅıŏħŇĴȮŒĬĕĦŃĪňŗĔŅĶŏĔŇħįĸŉĔŏĬŊŗŀĚěŅĔĔŅĶĵŊħĨńĺȮ&strain induced crystallization'ȮĪŜŅŒľƟ

ĵŅĚĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňȮĬńŗĬėŊŀĵŅĚĴňėĺŅĴĪĬĪŅĬĨƞŀŐĶĚħŉĚȮ&tensile strength'ȮėĺŅĴĪĬĪŅĬĨƞŀĔŅĶ

ĜňĔĕŅħȮ&tear resistance'ȮŐĸŃėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĕńħĩŌȮ&abrasion resistance'ȮĽŌĚ

ĬŘŜŅĵŅĚĽħ 

ĩńĚĶĺĴĵŅĚ 

ĬŘŜŅĵŅĚěńĭĨńĺ 

ĨńħĔƟŀĬĵŅĚěńĭĨńĺ 

ĨńħĵŅĚ 

ĵŅĚŐįƞĬħŇĭ 

ĨńħĵŅĚ 

ĩńĚĶĺĴĵŅĚ 

ŏĻļĵŅĚ 

įƞŅĬŏėĶŊŗŀĚŏėĶı 

ĵƞŀĵĵŅĚŏĮƦĬŏĴŖħŏĸŖĔ 

ĪŜŅėĺŅĴĽŃŀŅħ 

ŀĭĵŅĚŒľƟŐľƟĚ 

ŀńħŐĪƞĚ 

ĪňŗĴŅȮ8ȮŏĺŖĭœĞĨƢĽĩŅĭńĬĺŇěńĵĵŅĚȮŴĕƟŀĴŌĸĺŇĝŅĔŅĶĵŅĚıŅĶŅȮĮƖȮ033.ŵ 



 7 
 

 
 

 

 
ĳŅıĪňŗȮ2,2ȮőėĶĚĽĶƟŅĚĕŀĚĵŅĚīĶĶĴĝŅĨŇ 

őėĶĚĽĶƟŅĚľĸńĔĪňŗĴňŀŇĪīŇıĸĨƞŀĽĴĭńĨŇĕŀĚĵŅĚīĶĶĴĝŅĨŇȮėŊŀ 

- ĔŅĶĪňŗőėĶĚĽĶƟŅĚĽƞĺĬŒľĠƞŏĮƦĬĽŅĶĮĶŃĔŀĭœŁőħĶėŅĶƢĭŀĬȮ ĪŜŅŒľƟĵŅĚīĶĶĴĝŅĨŇĴň

ĽĴĭńĨŇœĴƞĪĬĬŘŜŅĴńĬȮŐĨƞŏĮƦĬĜĬĺĬœĲĲƚŅĪňŗħň 

- ŏĬŊŗŀĚěŅĔŒĬőėĶĚĽĶƟŅĚĴňıńĬīŃėŌƞĞŉŗĚĺƞŀĚœĺĨƞŀĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅȮ ĪŜŅŒľƟĽŅĴŅĶĩ

ŏĔŇħĮĢŇĔŇĶŇĵŅĺńĸėŅœĬĞƢħƟĺĵĔŜŅĴŃĩńĬœħƟħňȮ ŐĨƞĴňįĸĪŜŅŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńŗĬœħƟ

ĚƞŅĵȮĞŉŗĚŏĮƦĬĽŅŏľĨŋŒĬĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚĵŅĚīĶĶĴĝŅĨŇ 

- ĴňĽŅĵőĞƞőĴŏĸĔŋĸĪňŗŏėĸŊŗŀĬœľĺœĮĴŅŐĸŃĵŊħľĵŋƞĬœħƟĚƞŅĵȮĪŜŅŒľƟĵŅĚīĶĶĴĝŅĨŇėĚĽĳŅı

ėĺŅĴĵŊħľĵŋƞĬȮ&Elastic'ȮœħƟħň 

- ĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĽŌĚȮĪŜŅŒľƟĵŅĚŐĕŖĚŏĔŇĬœĮĪňŗěŃĬŜŅœĮŐĮĶĶŌĮőħĵĨĶĚȮĨƟŀĚĬŜŅĵŅĚœĮ

ĭħŏıŊŗŀŒľƟőĴŏĸĔŋĸŏĸŖĔĸĚĔƞŀĬĬŜŅœĮŒĝƟ 

ĸńĔļĦŃŏħƞĬĕŀĚīĶĶĴĝŅĨŇėŊŀȮĵŅĚīĶĶĴĝŅĨŇĴňėĺŅĴĵŊħľĵŋƞĬĽŌĚȮŏĴŊŗŀŐĶĚĳŅĵĬŀĔĪňŗĴŅĔĶŃĪŜŅ

ĔńĭĴńĬľĴħœĮȮĵŅĚěŃĔĸńĭėŊĬĽŌƞĶŌĮĶƞŅĚŐĸŃĕĬŅħŏħŇĴȮľĶŊŀĴňĕĬŅħŐĸŃĶŌĮĶƞŅĚŒĔĸƟŏėňĵĚĕŀĚŏħŇĴŀĵƞŅĚ

ĶĺħŏĶŖĺȮĵŅĚīĶĶĴĝŅĨŇĵńĚĴňĽĴĭńĨŇĪňŗħňĴŅĔŒĬħƟŅĬĔŅĶŏľĬňĵĺĨŇħĔńĬȮ&tack'ȮĞŉŗĚŏĮƦĬĽĴĭńĨŇĽŜŅėńĠĕŀĚĔŅĶ

įĸŇĨįĸŇĨĳńĦĤƢĪňŗĨƟŀĚŀŅĻńĵĔŅĶĮĶŃĔŀĭȮ&assemble'ȮĝŇŘĬĽƞĺĬĨƞŅĚȮŕȮŏĕƟŅħƟĺĵĔńĬȮŏĝƞĬȮĵŅĚĶĩĵĬĨƢȮŏĮƦĬ

ĨƟĬ 

ŀĵƞŅĚœĶĔŖĨŅĴȮĵŅĚħŇĭŏıňĵĚŀĵƞŅĚŏħňĵĺĴňĕƟŀěŜŅĔńħŒĬĔŅĶŒĝƟĚŅĬȮŏĬŊŗŀĚěŅĔĴňĽĴĭńĨŇŏĝŇĚĔĸĨŗŜŅȮŐĸŃ

ĸńĔļĦŃĪŅĚĔŅĵĳŅıœĴƞŏĽĩňĵĶȮőħĵėŋĦĽĴĭńĨŇĕŀĚĵŅĚĕŉŘĬŀĵŌƞĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĮĸĚŀŋĦľĳŌĴŇȮ

ĔĸƞŅĺėŊŀĵŅĚĴňėĺŅĴŀƞŀĬŏĵŇŘĴŐĸŃŏľĬňĵĺŏľĬŀŃľĬŃŏĴŊŗŀĶƟŀĬĴŅĔȮŕȮŐĨƞĴňĽĴĭńĨŇŐĕŖĚŏĮĶŅŃŏĴŊŗŀŀŋĦľĳŌĴŇ

ĨŗŜŅĴŅĔȮŕȮħƟĺĵŏľĨŋĬňŘĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔĵŅĚěŜŅŏĮƦĬĨƟŀĚĴňĔŅĶįĽĴĵŅĚĔńĭĽŅĶŏėĴňĨƞŅĚȮŕȮŏĝƞĬȮĔŜŅĴŃĩńĬȮ

įĚŏĕĴƞŅħŜŅȮŐĸŃĽŅĶĨńĺŏĶƞĚĨƞŅĚȮŕȮŏĮƦĬĨƟĬȮľĸńĚěŅĔĔŅĶĭħįĽĴȮĵŅĚįĽĴľĶŊŀĵŅĚėŀĴıŅĺħƢȮ&rubber 

compound'ȮĪňŗœħƟĩŌĔĬŜŅœĮĕŉŘĬĶŌĮŒĬŐĴƞıŇĴıƢĳŅĵŒĨƟėĺŅĴĶƟŀĬŐĸŃėĺŅĴħńĬȮĔĶŃĭĺĬĔŅĶĬňŘŏĶňĵĔĺƞŅȮ 

ĺńĸėŅœĬŏĞĝńŗĬȮ&vulcanization'ȮĵŅĚĪňŗįƞŅĬĔŅĶĕŉŘĬĶŌĮĬňŘȮŏĶŅŏĶňĵĔĺƞŅȮ ĵŅĚėĚĶŌĮ Ȯ&vulcanizate'ȮĞŉŗĚ
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ĽĴĭńĨŇĕŀĚĵŅĚėĚĶŌĮĪňŗœħƟĬňŘĴňėĺŅĴŏĽĩňĵĶȮėŊŀȮœĴƞŏĮĸňŗĵĬŐĮĸĚĨŅĴŀŋĦľĳŌĴŇĴŅĔĬńĔȮŐĸŃĴňĽĴĭńĨŇŏĝŇĚĔĸħň

ĕŉŘĬ 

0,/,0ȮĽĴĭńĨŇĪńŗĺœĮĕŀĚĵŅĚīĶĶĴĝŅĨŇĺńĸėŅœĬĞƢ 

+ȮėĺŅĴŐĕŖĚȮ&Hardness' 

ĵŅĚīĶĶĴĝŅĨŇĽŅĴŅĶĩĺńĸėŅœĬĞƢŒľƟĴňėĺŅĴŐĕŖĚŐĶĚĨƞŅĚȮŕȮĔńĬœħƟȮĨńŘĚŐĨƞĬŇŗĴĴŅĔȮ&1.+3.ȮIRHD'Ȯ

œĮěĬĩŉĚėĺŅĴŐĕŖĚĕŀĚĵŅĚŀňőĭœĬĞƢȮ&ĴŅĔĔĺƞŅȮ76ȮIRHD'ȮĔŅĶĮĶńĭėĺŅĴŐĕŖĚĕŀĚĵŅĚĪŜŅœħƟőħĵĔŅĶ

ĮĶńĭŏĮĸňŗĵĬĮĶŇĴŅĦĮĶŇĴŅĦĽŅĶĨńĺŏĨŇĴľĶŊŀĔŅĶŏĮĸňŗĵĬĔŜŅĴŃĩńĬȮŏĝƞĬȮĝƞĺĚĕŀĚĔŅĶŒĝƟĔŜŅĴŃĩńĬĮĶŇĴŅĦȮ

/.+0.Ȯphr ĽƞĚįĸŒľƟĵŅĚĪňŗĴňėĺŅĴŐĕŖĚĴŅĔȮŒĝƟĽŜŅľĶńĭĵŅĚĮŌıŊŘĬľĶŊŀĵŅĚĸŌĔĔĸŇŘĚ 

+ȮėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚȮ&Tensile strength' 

ŏĬŊŗŀĚěŅĔĵŅĚīĶĶĴĝŅĨŇĴňőėĶĚĽĶƟŅĚőĴŏĸĔŋĸĪňŗĽĴŗŜŅŏĽĴŀȮŏĴŊŗŀœħƟĶńĭŐĶĚħŉĚĽŅĵőĞƞĽŅĴŅĶĩěńħŏĶňĵĚ

ĨńĺĔńĬœħƟŐĬƞĬĴŅĔȮĪŜŅŒľƟĵŅĚīĶĶĴĝŅĨŇĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚŐĸŃėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚĜňĔĕŅħĽŌĚȮ

ĞŉŗĚĽĴĭńĨŇĬňŘĪŜŅŒľƟĵŅĚīĶĶĴĝŅĨŇĴňėĺŅĴŏľĴŅŃĽĴĪňŗŒĬĔŅĶĬŜŅœĮŒĝƟŒĬįĸŇĨĳńĦĤƢĪňŗĴňėĺŅĴĭŅĚȮĬŇŗĴȮŐĸŃ

ŐĕŖĚŐĶĚœħƟȮŏĝƞĬȮĩŋĚĴŊŀįƞŅĨńħȮĸŌĔőĮƙĚȮĩŋĚĵŅĚŀĬŅĴńĵȮŐĸŃĵŅĚĶńħȮŏĮƦĬĨƟĬ 

 ěŅĔĔŅĶĪňŗĵŅĚīĶĶĴĝŅĨŇĴňėĺŅĴŐĕŖĚŐĶĚĽŌĚȮěŉĚĪŜŅŒľƟĽŅĴŅĶĩŒĝƟĽŅĶĨńĺŏĨŇĴĪňŗĶŅėŅœĴƞĽŌĚȮŏĝƞĬȮ

ŏėĸĵƢľĶŊŀŐėĸŏĞňĵĴėŅĶƢĭŀŏĬĨȮĽŜŅľĶńĭįĸŇĨĳńĦĤƢĪňŗœĴƞěŜŅŏĮƦĬĨƟŀĚŒĝƟėĺŅĴŐĕŖĚŐĶĚŏĮƦĬĽĴĭńĨŇľĸńĔ Ȯ

ŏĝƞĬȮĵŅĚĶŀĚıŊŘĬĶĩȮĵŅĚĮŌıŊŘĬȮŏĮƦĬĨƟĬȮħƟĺĵŏľĨŋĬňŘĪŜŅŒľƟĵŅĚīĶĶĴĝŅĨŇœħƟŏĮĶňĵĭĔĺƞŅĵŅĚĝĬŇħŀŊŗĬȮŕȮŒĬħƟŅĬ

ĨƟĬĪŋĬĔŅĶįĸŇĨȮ 

+ȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŉĚĵŊħěĬĕŅħȮ&Elongation at break' 

ĵŅĚīĶĶĴĝŅĨŇĪňŗœĴƞįĽĴĽŅĶĨńĺŏĨŇĴĽŅĴŅĶĩĵŊħœħƟĽŌĚĮĶŃĴŅĦȮ/...ȮŏĮŀĶƢŏĞŖĬĨƢȮėĺŅĴĽŅĴŅĶĩ

ŒĬĔŅĶĵŊħĕŀĚĵŅĚīĶĶĴĝŅĨŇĸħĸĚĨŅĴĔŅĶŏıŇŗĴĮĶŇĴŅĦĽŅĶĨńĺŏĨŇĴȮŐĸŃĨŅĴĶŃħńĭĕŀĚıńĬīŃĺńĸėŅœĬĞƢȮ

ĔŅĶĴňĽĴĭńĨŇħƟŅĬĔŅĶħŉĚĵŊħĽŌĚĪŜŅŒľƟĽŅĴŅĶĩŒĝƟĵŅĚīĶĶĴĝŅĨŇŒĬĔŅĶĪŜŅįĸŇĨĳńĦĤƢĪňŗĨƟŀĚĔŅĶėĺŅĴĵŊħľĵŋƞĬ

ĽŌĚȮŏĝƞĬȮŏĽƟĬĵŅĚĵŊħȮĵŅĚĶńħĕŀĚȮŐĸŃĸŌĔőĮƙĚȮŏĮƦĬĨƟĬ 

+ȮėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħȮ&Tear resistance' 

ĵŅĚīĶĶĴĝŅĨŇĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨĔįĸŉĔœĕĦŃĩŌĔħŉĚȮĪŜŅŒľƟĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħ

ĽŌĚĔĺƞŅĵŅĚĽńĚŏėĶŅŃľƢŀŊŗĬȮŕȮŐĸŃėĺŅĴĨƟŅĬĪŅĬĔŅĶĜňĔĕŅħŏıŇŗĴĕŉŘĬŏĴŊŗŀĴňĔŅĶŒĝƟĽŅĶĨńĺŏĨŇĴĪňŗĝƞĺĵŏĽĶŇĴ

ĮĶŃĽŇĪīŇĳŅı 
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+ȮĔŅĶŒĝƟĚŅĬĪňŗŀŋĦľĳŌĴŇĨŗŜŅȮ&Low temperature flexibility' 

ėŋĦĽĴĭńĨŇŏħƞĬŀňĔŀĵƞŅĚľĬŉŗĚĕŀĚĵŅĚīĶĶĴĝŅĨŇȮėŊŀȮĔŅĶĪňŗĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħľĵŋƞĬĪňŗ

ŀŋĦľĳŌĴŇĨŗŜŅȮőħĵĴňŀŋĦľĳŌĴŇĔĸŅĽĪĶŅĬĞŇĝńŗĬȮ&Tg'ȮŀĵŌƞĪňŗĮĶŃĴŅĦȮ+50Ȯ°CȮħńĚĬńŘĬĪŜŅŒľƟĵńĚėĚĴňėĺŅĴŏĮƦĬȮ

viscoelastic ŀĵŌƞŐĴƟŒĝƟĚŅĬĪňŗŀŋĦľĳŌĴŇĨŗŜŅȮőħĵľŅĔįĽĴĬŘŜŅĴńĬĸĚŒĬĵŅĚīĶĶĴĝŅĨŇȮĽƞĚįĸŒľƟĽŅĴŅĶĩŒĝƟ

ĚŅĬĪňŗŀŋĦľĳŌĴŇĨŗŜŅĔĺƞŅŏħŇĴœħƟ 

+ȮėĺŅĴĪĬĪŅĬĨƞŀĔŅĶŏĽŊŗŀĴĽĳŅıȮ&Aging resistance' 

ŏĬŊŗŀĚěŅĔĔŅĶĴňıńĬīŃėŌƞĪňŗĺƞŀĚœĺĨƞŀĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĪŜŅŒľƟĽŅĴŅĶĩŏĔŇħĔŅĶĺńĸėŅœĬĞƢœħƟŀĵƞŅĚ

ĶĺħŏĶŖĺŏĴŊŗŀŒĝƟĔŜŅĴŃĩńĬŏĮƦĬĽŅĶĺńĸėŅœĬĞƢȮŐĨƞŒĬĕĦŃŏħňĵĺĔńĬıńĬīŃėŌƞĔŖŀŅěĪŜŅŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭ

ŀŀĔĞŇŏěĬľĶŊŀőŀőĞĬȮĪŜŅŒľƟŏĔŇħĔŅĶĕŅħŀŀĔĕŀĚőĴŏĸĔŋĸœħƟĚƞŅĵȮĽƞĚįĸŏĽňĵĨƞŀĽĴĭńĨŇĨƞŅĚȮŕȮħńĚĬńŘĬĵŅĚ

īĶĶĴĝŅĨŇěŉĚœĴƞŏľĴŅŃĔńĭĚŅĬľĸŅĵĝĬŇħĪňŗĨƟŀĚĔŅĶėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶŏĽŊŗŀĴĽĳŅıȮěŉĚĴńĔĴňĔŅĶŏĨŇĴ

ĽŅĶĨƟŅĬĔŅĶŏĔŇħŀŀĔĞŇŏħĝńŗĬŒĬĔŅĶĪŜŅĺńĸėŅœĬĞƢ 

+ȮėĺŅĴĪĬĪŅĬĨƞŀėĺŅĴĶƟŀĬȮ&Heat resistance' 

ĔŅĶŒĝƟĚŅĬĵŅĚīĶĶĴĝŅĨŇėƞŀĬĕƟŅĚěŜŅĔńħĽĳŅĺŃĔŅĶŒĝƟĚŅĬĪňŗĽƞĚįĸĨƞŀĔŅĶŏĽŊŗŀĽĳŅıĕŀĚĵŅĚȮőħĵ

ĵŅĚīĶĶĴĝŅĨŇĬńŘĬœĴƞŏľĴŅŃĔńĭĔŅĶŒĝƟĚŅĬĪňŗŀŋĦľĳŌĴŇĽŌĚĔĺƞŅȮ70 °C ŏĮƦĬŏĺĸŅĬŅĬȮőħĵĔŅĶėĺĭėŋĴėĺŅĴ

ĪĬĪŅĬĕŀĚĵŅĚīĶĶĴĝŅĨŇĨƞŀėĺŅĴĶƟŀĬĽŅĴŅĶĩĪŜŅœħƟőħĵĔŅĶėĺĭėŋĴȮĶŃĭĭŐĸŃĺŇīňĺńĸėŅœĬĞƢȮĶŃĭĭ

ĽŅĶŏĨŇĴŐĨƞĚȮŐĸŃĶŃĭĭĽŅĶĨƟŅĬŀŀĔĞŇŏħĝńŗĬȮőħĵĶŃĭĭȮEV system ĪŜŅŒľƟĵŅĚĴňėĺŅĴĪĬĪŅĬĨƞŀėĺŅĴ

ĶƟŀĬĪňŗħňĕŉŘĬ 

2,2 ĵŅĚĽńĚŏėĶŅŃľƢȮ&Synthetic rubber'ȮY2[ 
ĵŅĚĽńĚŏėĶŅŃľƢœħƟĴňĔŅĶįĸŇĨĴŅĬŅĬŐĸƟĺȮĨńŘĚŐĨƞȮė,Ļ,Ȯ/72.ȮĞŉŗĚĽŅŏľĨŋĪňŗĪŜŅŒľƟĴňĔŅĶįĸŇĨĵŅĚ

ĽńĚŏėĶŅŃľƢĕŉŘĬŒĬŀħňĨȮŏĬŊŗŀĚěŅĔĔŅĶĕŅħŐėĸĬĵŅĚīĶĶĴĝŅĨŇĪňŗŒĝƟŒĬĔŅĶįĸŇĨŀŅĺŋīĵŋĪőīĮĔĶĦƢŐĸŃ

ĮƤĠľŅŒĬĔŅĶĕĬĽƞĚěŅĔŐľĸƞĚįĸŇĨŒĬĝƞĺĚĽĚėĶŅĴőĸĔėĶńŘĚĪňŗȮ0ȮěĬĩŉĚĮƤěěŋĭńĬœħƟĴňĔŅĶıńĥĬŅĔŅĶįĸŇĨĵŅĚ

ĽńĚŏėĶŅŃľƢŏıŊŗŀŒľƟœħƟĵŅĚĪňŗĴňėŋĦĽĴĭńĨŇĨŅĴĨƟŀĚĔŅĶŒĬĔŅĶŒĝƟĚŅĬĪňŗĽĳŅĺŃĨƞŅĚȮŕȮŏĝƞĬȮĪňŗĽĳŅĺŃĪĬĨƞŀ

ĬŘŜŅĴńĬȮĪĬėĺŅĴĶƟŀĬȮĪĬėĺŅĴŏĵŖĬȮŏĮƦĬĨƟĬȮĔŅĶįĸŇĨĵŅĚĽńĚŏėĶŅŃľƢĽƞĺĬŒľĠƞŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĕńŘĬĨŀĬȮ

ėŊŀȮĕńŘĬĨŀĬĔŅĶįĸŇĨĴŀĬŀŏĴŀĶƢȮŐĸŃĕńŘĬĨŀĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅıŀĸŇŏĴŀœĶŏĞĝńŗĬȮŐĽħĚħńĚĳŅıĪňŗȮ2,3Ȯ

őħĵĵŅĚĽńĚŏėĶŅŃľƢŐĨƞĸŃĝĬŇħĴňėĺŅĴŐĨĔĨƞŅĚĔńĬĪňŗĝĬŇħĕŀĚĴŀĬŀŏĴŀĶƢȮĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬĵŅĚ

ĽńĚŏėĶŅŃľƢĪňŗĮĶŃĔŀĭħƟĺĵĴŀĬŀŏĴŀĶƢŏıňĵĚĝĬŇħŏħňĵĺȮŏĝƞĬȮĵŅĚıŀĸŇĭŇĺĪŅœħŀňĬȮ&Polybutadiene, BR'Ȯ

ľĶŊŀĵŅĚıŀĸŇœŀőĞıĶňĬȮ&Polyisoprene, IIR'ȮŏĮƦĬĨƟĬȮŐĸŃĵŅĚĽńĚŏėĶŅŃľƢĪňŗĮĶŃĔŀĭħƟĺĵĴŀĬŀŏĴŀĶƢ
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ĴŅĔĔĺƞŅȮ/ȮĝĬŇħȮŏĝƞĬȮĵŅĚĽœĨĶňĬȮĭŇĺĪŅœħŀňĬȮ&Styrene+butadiene rubber, SBR'ȮľĶŊŀĵŅĚŀŃėĶŇőĸ

œĬœĨĶƢĭŇĺĪŅœħŀňĬȮ&Acrlonitril+butadiene rubber, NBR'ȮŏĮƦĬĨƟĬ 

 
ĳŅıĪňŗȮ2,3ȮĔĶŃĭĺĬĔŅĶįĸŇĨĵŅĚĽńĚŏėĶŅŃľƢȮY1[ 

2,2,1 ĵŅĚĭŇĺĪŅœħŀňĬȮ&Butadiene rubber, BR'ȮY4[ 

 ĵŅĚĭŇĺĪŅœħŀňĬȮ&BR'ȮŏĮƦĬőıĸŇŏĴŀĶƢĕŀĚĭŇĺĪŅœħŀňĬĪňŗĴňĶŌĮŐĭĭĕŀĚőėĶĚĽĶƟŅĚőĴŏĸĔŋĸĪňŗ

ľĸŅĔľĸŅĵȮŐĽħĚħńĚĳŅıĪňŗȮ2,4ȮėŊŀȮŐĭĭȮtran+1,4ȮŐĭĭ cis+1,4 ľĶŊŀŐĭĭȮvinyl+1,2 ĕŉŘĬŀĵŌƞĔńĭĝĬŇħ

ĕŀĚȮInitiator ĪňŗŒĝƟŒĬĮĢŇĔŇĶŇĵŅőıĸŇŏĴŀœĶŏĞĝńŗĬȮőħĵĮĔĨŇĵŅĚĭŇĺĪŅœħŀňĬĽƞĺĬŒľĠƞœĴƞĩŌĔŒĝƟŏħňŗĵĺȮŕȮŒĬ

ĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĵŅĚȮŏĬŊŗŀĚěŅĔĔŅĶĭħįĽĴĵŅĚŏĮƦĬœĮœħƟĵŅĔőħĵŏĜıŅŃŏĴŊŗŀĪŜŅĔŅĶĭħįĽĴőħĵŒĝƟ

ĸŌĔĔĸŇŘĚȮ&two+roll mill'ȮŏıĶŅŃĵŅĚœĴƞĽŅĴŅĶĩĲŀĶƢĴĶŀĭĸŌĔĔĸŇŘĚœħƟȮ&poor mill banding'ȮĵŅĚĝĬŇħĬňŘ

ěŉĚĴńĔŒĝƟĔŅĶĭħįĽĴȮ&blend'ȮĔńĭĵŅĚœĴƞĴňĕńŘĺĝĬŇħŀŊŗĬȮŕȮŏĝƞĬȮĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚȮSBR  

Production of synthetic rubber 
in the synthetic rubber industry 

Crude oil 

Naphtha 

Natural gas 

Monomer 

+ȮButadiene 
+ȮStyrene 
+ȮIsoprene 
+ȮEthane 
+ȮPropene 
+ȮBenzene 
 

Synthetic rubber 

+ BR 
+ȮSBR 
+ȮNBR 
+ȮIIR 
+ȮCR 
+ȮSynthetic latex 
 

Refinemen
t 

Production of monomers in 
the petrochemicals industry 
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ĳŅıĪňŗȮ2,4ȮőėĶĚĽĶƟŅĚĕŀĚĵŅĚĭŇĺĪŅœħŀňĬȮ&a'Ȯvinyl+1,2 &b'Ȯtran+1,4 &c'Ȯcis+1,4ȮY3[ 

ĵŅĚĭŇĺĪŅœħŀňĬĴňĽĴĭńĨŇıŇŏĻļėŊŀĴňėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĕńħĩŌȮ&abrasion resistance'ȮĽŌĚĴŅĔ

ŐĨƞĴňėĺŅĴĪĬĪŅĬĨƞŀŐĶĚħŉĚȮ&tensile strength'ȮėƞŀĬĕƟŅĚĨŗŜŅȮŀĵƞŅĚœĶĔŖĨŅĴĔŅĶįĽĴĵŅĚĝĬŇħĬňŘĔńĭĵŅĚ

īĶĶĴĝŅĨŇľĶŊŀĵŅĚȮSBR ĞŉŗĚĪŜŅŒľƟœħƟĵŅĚėĚĶŌĮĪňŗĴňĽĴĭńĨŇŏĝŇĚĔĸħňĕŉŘĬȮŒĬĪŜŅĬŀĚŏħňĵĺĔńĬĽĴĭńĨŇĭŅĚ

ĮĶŃĔŅĶĕŀĚĵŅĚīĶĶĴĝŅĨŇŐĸŃĵŅĚȮSBR ĩŌĔĮĶńĭŒľƟħňĕŉŘĬȮĞŉŗĚœħƟŐĔƞȮėĺŅĴĪĬĨƞŀĔŅĶĕńħĩŌħňĕŉŘĬȮĵŅĚĴň

ėĺŅĴĵŊħľĵŋƞĬĴŅĔĕŉŘĬŐĸŃĵŅĚĵńĚėĚĽĴĭńĨŇėĺŅĴĵŊħľĵŋƞĬĪňŗŀŋĦľĳŌĴŇĨŗŜŅȮ&good low temperature 

flexibility'ȮĪŜŅŒľƟĔĺƞŅȮ90Ȯ#ȮĕŀĚĵŅĚĭŇĺĪŅœħŀňĬěŉĚĩŌĔŒĝƟĶƞĺĴĔńĭĵŅĚīĶĶĴĝŅĨŇŐĸŃĵŅĚȮSBR ŏĝƞĬȮŒĬ

ĔŅĶįĸŇĨħŀĔĵŅĚȮ&tread'ȮĕŀĚĵŅĚĶĩĵĬĨƢȮŏıĶŅŃĬŀĔěŅĔĴňįĸĪŜŅŒľƟħŀĔĵŅĚĴňėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĕńħ

ĩŌĽŌĚĕŉŘĬŐĸƟĺȮėĺŅĴĶƟŀĬĽŃĽĴȮ&heat buildup'ȮĪňŗŏĔŇħĕŉŘĬŒĬĶŃľĺƞŅĚĔŅĶŒĝƟĚŅĬĔŖĨŗŜŅĸĚȮĵŅĚĴňėĺŅĴ

ĨƟŅĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħĽŌĚĕŉŘĬȮĬŀĔěŅĔĬňŘĵŅĚįĽĴĪňŗœħƟěŅĔĔŅĶŏĨŇĴĵŅĚĭŇĺĪŅœħŀňĬĴňėĺŅĴĪĬĨƞŀĔŅĶ

ŏĽŊŗŀĴĽĳŅıŏĴŊŗŀĪŜŅŒľƟėĚĶŌĮŏĔŇĬěŋħĽŌĚĽŋħȮ&reversion resistance on overcure'ȮŒĬĶŃľĺƞŅĚ

ĔĶŃĭĺĬĔŅĶįĸŇĨȮŐĸŃĪňŗĽŜŅėńĠĵŅĚĝĬŇħĬňŘĵńĚĝƞĺĵŒľƟĵŅĚĸƟŀĶĩĴňĽĴĭńĨŇĔŅĶĨƟŅĬĔŅĶľĴŋĬȮ&rolling 

resistance'ȮĸħĸĚȮĪŜŅŒľƟĸħĔŅĶĽŇŘĬŏĮĸŊŀĚĬŘŜŅĴńĬĕĦŃĕńĭŏėĸŊŗŀĬĶĩȮŀĵƞŅĚœĶĔŖĨŅĴĔŅĶŏĨŇĴĵŅĚĭŇĺĪŅœħ

ŀňĬĸĚœĮŒĬĮĶŇĴŅĦĴŅĔŏĔŇĬœĮĔŖĽƞĚįĸĨƞŀĔŅĶŏĔŅŃĩĬĬĕŀĚĸƟŀŏĽňĵœĮȮőħĵŏĜıŅŃŒĬĩĬĬĪňŗŏĮƖĵĔȮħƟĺĵ

ŏľĨŋĬňŘěŉĚĨƟŀĚįĽĴĵŅĚĭŇĺĪŅœħŀňĬŒĬĔŅĶįĸŇĨőėĶĚĵŅĚȮ&carcass'ȮŐĔƟĴĵŅĚȮ&sidewall'ȮŐĸŃĵŅĚĭĶŇŏĺĦ

őėĶĚĸĺħȮ&bead compound'ȮĬŀĔěŅĔĬňŘĵŅĚĭŇĺĪŅœħŀňĬĵńĚĩŌĔŒĝƟŒĬįĸŇĨĳńĦĤƢĪňŗĨƟŀĚĔŅĶėĺŅĴĪĬĨƞŀ

ĔŅĶĽŉĔľĶŀľĶŊŀĪĬĨƞŀĔŅĶĕńħĩŌĪňŗħňȮŏĝƞĬȮĵŅĚıŊŘĬĶŀĚŏĪƟŅȮĵŅĚĽŅĵıŅĬĸŜŅŏĸňĵĚȮŐĸŃĵńĚŒĝƟŒĬĔŅĶįĸŇĨĵŅĚ

ĔńĬĔĶŃŐĪĔȮĽŅĵıŅĬĽƞĚĔŜŅĸńĚȮ&transmission belt'ȮĵŅĚĔńĬĽŃŏĪŊŀĬȮ&shock absorber pads'Ȯ 

ŏĮƦĬĨƟĬ  
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0,0,0ȮĵŅĚŀŃėĸŇőĸœĬœĨĶĸƢȮĭŇĺĪŅœħŀňĬȮ&Acrylonitrile+butadiene rubber, NBR'ȮY1[ 

ĵŅĚŀŃėĸŇőĸœĬœĨĶĸƢȮĭŇĺĪŅœħŀňĬȮ&NBR'ȮŏĮƦĬőėıŀĸŇŏĴŀĶƢĕŀĚȮŀŃėĶŇőĸœĬœĨĶĸƢȮŐĸŃĭŇĺĪŅœħ

ŀňĬȮŐĽħĚőėĶĚĽĶƟŅĚħńĚĳŅıĪňŗȮ2,5ȮĵŅĚĝĬŇħĬňŘĴňėĺŅĴŏĮƦĬĕńŘĺĽŌĚȮĵŅĚĝĬŇħĬňŘěŉĚĴňĽĴĭńĨŇŏħƞĬėŊŀĪĬĨƞŀĬŘŜŅĴńĬ

ĮƕőĨĶŏĸňĵĴȮŐĸŃĨńĺĪŜŅĸŃĸŅĵĪňŗœĴƞĴňĕńŘĺĨƞŅĚŕȮœħƟħňȮŏĬŊŗŀĚěŅĔĵŅĚĝĬŇħĬňŘĮĶŃĔŀĭħƟĺĵĽŀĚĽƞĺĬėŊŀĽƞĚĪňŗŏĮƦĬȮ

ĭŇĺĪŅœħŀňĬȮĞŉŗĚĴňĽĴĭńĨŇħƟŅĬėĺŅĴĵŊħľĵŋƞĬȮŐĸŃĽƞĺĬĪňŗŏĮƦĬŀŃėĶŇőĸœĬœĨĶĸƢȮĞŉŗĚŏĮƦĬĽƞĺĬĪňŗĪŜŅŒľƟĽĴĭńĨŇ

ĕŀĚĵŅĚȮNBR ŏĮĸňŗĵĬŐĮĸĚœĮȮĔĸƞŅĺėŊŀȮľŅĔĵŇŗĚŏıŇŗĴĮĶŇĴŅĦȮŀŃėĶŇőĸœĬœĨĶĸƢȮĪŜŅŒľƟĴňėĺŅĴĪĬĨƞŀ

ĬŘŜŅĴńĬŐĸŃĨńĺĪŜŅĸŃĸŅĵœŁőħĶėŅĶƢĭŀĬĽŌĚĕŉŘĬȮĔŅĶĔĶŃŏħƟĚĔĶŃħŀĬĨŗŜŅĸĚȮcompression set ĬƟŀĵĸĚȮ

ŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞĸħĸĚȮĽĴĭńĨŇĔŅĶľńĔĚŀĪňŗŀŋĦľĳŌĴŇĨŗŜŅĸħĸĚȮėĺŅĴĪĬĪŅĬĨƞŀėĺŅĴĶƟŀĬŐĸŃőŀőĞĬ

ĽŌĚĕŉŘĬȮėĺŅĴĨƟŅĬĪŅĬĔŅĶĕńħĩŌĽŌĚĕŉŘĬȮėĺŅĴŐĕŖĚŐĸŃėĺŅĴĪĬĪŅĬĨƞŀŐĶĚħŉĚĽŌĚĕŉŘĬȮėĺŅĴľĬŅŐĬƞĬĽŌĚĕŉŘĬ 

 
ĳŅıĪňŗȮ2,5ȮőėĶĚĽĶƟŅĚĕŀĚĵŅĚŀŃėĸŇőĸœĬœĨĶĸƢȮĭŇĺĪŅœħŀňĬȮY6[ 

ĽĴĭńĨŇĪńŗĺœĮĕŀĚĵŅĚȮNBR ėŊŀĴňėĺŅĴĵŊħľĵŋƞĬȮėĺŅĴĪĬĨƞŀŐĶĚħŉĚȮŐĸŃėĺŅĴŏĮƦĬĜĬĺĬœĲĲƚŅ

ėƞŀĬĕƟŅĚĨŗŜŅȮěŜŅŏĮƦĬĨƟŀĚŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏıŊŗŀŏıŇŗĴĽĴĭńĨŇħńĚĔĸƞŅĺȮŐĨƞĵŅĚȮNBR ĔŖĴňĽĴĭńĨŇŏħƞĬľĸŅĵĕƟŀȮ

ŏĝƞĬȮėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶĕńħĩŌȮėĺŅĴĪĬĪŅĬĨƞŀĔŅĶŏĽŊŗŀĴĽĳŅıȮėĺŅĴĪĬĪŅĬĨƞŀĬŘŜŅĴńĬŐĸŃĽŅĶŏėĴňȮ

ĬŀĔěŅĔĬňŘȮNBR ĵńĚĴňĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞĨŗŜŅĴŅĔȮŀŋĦľĳŌĴŇĔŅĶŒĝƟĚŅĬŀĵŌƞŒĬĝƞĺĚĮĶŃĴŅĦȮ+2.ȮĩŉĚȮ/..Ȯ

ŀĚĻŅŏĞĸŏĞňĵĽ 

ĔŅĶŒĝƟĚŅĬĽƞĺĬŒľĠƞĩŌĔĬŜŅœĮŒĝƟĔńĭĚŅĬĪňŗĨƟŀĚĽńĴįńĽĬŘŜŅĴńĬȮĪĬĪŅĬĨƞŀėĺŅĴĶƟŀĬȮŐĸŃĨƟŅĬĪŅĬ

ĨƞŀĔŅĶĕńħĩŌȮĨńĺŀĵƞŅĚįĸŇĨĳńĦĤƢȮœħƟŐĔƞȮĮĶŃŏĔŖĬĬŘŜŅĴńĬȮĵŅĚőŀĶŇĚȮĵŅĚĞňĸȮĵŅĚŏĝŊŗŀĴĕƟŀĨƞŀȮĽŅĵıŅĬ

ĸŜŅŏĸňĵĚȮĪƞŀħŌħľĶŊŀĽƞĚĬŘŜŅĴńĬȮĪƞŀĵŅĚŏĽĶŇĴŐĶĚȮĵŅĚĭŋĳŅĝĬŃȮĵŅĚŏėĸŊŀĭĸŌĔĔĸŇŘĚȮĶŀĚŏĪƟŅĭŌĪȮıŊŘĬŐĸŃĽƟĬ

ĶŀĚŏĪƟŅȮŏĮƦĬĨƟĬ 

 ěŅĔĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬěŃŏľŖĬĺƞŅĪńŘĚĵŅĚīĶĶĴĝŅĨŇȮŐĸŃĵŅĚĽńĚŏėĶŅŃľƢŐĨƞĸŃĝĬŇħĴňĕƟŀħňȮŐĸŃ

ĕƟŀħƟŀĵĪňŗŐĨĔĨƞŅĚĔńĬȮěŉĚœħƟĴňŐĬĺėŇħŒĬĔŅĶįĽĴĵŅĚŐĨƞĸŃĝĬŇħŏĕƟŅħƟĺĵĔńĬȮŏıŊŗŀĮĶńĭĮĶŋĚĽĴĭńĨŇŒľƟœħƟĨŅĴ

ĔŅĶŒĝƟĚŅĬȮőħĵœħƟŏĮĶňĵĭŏĪňĵĭĽĴĭńĨŇĪňŗĽŜŅėńĠĕŀĚĵŅĚŐĨƞĸŃĝĬŇħœĺƟħńĚĨŅĶŅĚĪňŗȮ2,1Ȯ 
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ȮȮȮȮȮȮĨŅĶŅĚĪňŗȮ2,1ȮŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĽĴĭńĨŇĕŀĚĵŅĚ NR BR ŐĸŃȮNBRȮY7[ 

 NR BR NBR 

Glass transition temp,ȮºC +70 +105 +24 

Service temp,Ȯrange, ºC 
ȮȮȮȮȮlower limit 
ȮȮȮȮȮmax,Ȯcontinuous 
ȮȮȮȮȮmax,Ȯintermittent 

 
+55 
)70 
)100 

 
+70 
)70 
)100 

 
+20 
)100 
)125 

Hardness range, IRHD 30+100 45+90 40+100 

Typical tensile strength &MPa' 
ȮȮȮȮȮgum 
ȮȮȮȮȮreinforced 

 
24 
28 

 
3 
17 

 
4 
21 

Tear resistance E F P+F 

Abrasion resistance E E F 

Compression set G G G 

Creep-stress relaxation E G F 

Resilience E E P+F 

Gas permeation F F G 

Electrical-resistivity E E F 

Oxidation resistance F F G 

Ozone resistance P P P 

Flame resistance P P P 

Water resistance G G F+G 

Acid resistance F+G F+G F+G 

Alkali resistance G G F+G 

Solvent resistance 
ȮȮȮȮȮAliphatic hydrocarbons 
ȮȮȮȮȮAromatic hydrocarbons 
ȮȮȮȮȮHalogenate solvents 
ȮȮȮȮȮOxygenated solvents 

 
P 
P 
P 

F+G 

 
P 
P 
P 

F+G 

 
E 

F+G 
P 

P+F 

Oil resistance P P G+E 

(ȮE ;ȮExcellent &ħňĴŅĔ', GȮ;ȮGood &ħň',ȮF ;ȮFair &ıŀŒĝƟ', P ;ȮPoor &œĴƞħň'  



  14 

0,1ȮĽŅĶŏėĴňĽŜŅľĶńĭĵŅĚȮ&Additives for Rubber'ȮY6[ 
ĽŅĶŏėĴňĽŜŅľĶńĭĵŅĚ ľĴŅĵĩŉĚȮĽŅĶŏėĴňĨƞŅĚȮŕȮĪňŗįĽĴĸĚœĮŒĬĵŅĚȮŏıŊŗŀŒľƟœħƟįĸŇĨĳńĦĤƢĵŅĚĪňŗĴň

ĽĴĭńĨŇĪňŗħňȮőħĵĽŅĶŏėĴňŏľĸƞŅĬňŘĨƟŀĚĪŜŅĮĢŇĔŇĶŇĵŅĔńĭĵŅĚĔƞŀĬȮÌ÷ćÈĔŅĶŒľƟĽŅĶŏėĴňŏĕƟŅĪŜŅĮĢŇĔŇĶŇĵŅĔńĭĵŅĚȮ

ĽŅĴŅĶĩŏĶƞĚœħƟħƟĺĵĔŅĶŒľƟėĺŅĴĶƟŀĬȮĵŅĚĪňŗĵńĚœĴƞŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭĽŅĶŏėĴňȮŏĶňĵĔĺƞŅȮĵŅĚœĴƞėĚĶŌĮȮ&Green 

compound ľĶŊŀ Uncured compound'ȮĽƞĺĬȮĵŅĚĪňŗĽŅĶŏėĴňŏĕƟŅĪŜŅĮĢŇĔŇĶŇĵŅĔńĭĵŅĚŐĸƟĺȮŏĶňĵĔĺƞŅȮ

ĵŅĚėĚĶŌĮȮ&Vulcanized rubber ľĶŊŀ CuredȮrubber' 

ĽŅĶĪňŗŒĝƟįĽĴĵŅĚŏıŊŗŀĔŅĶįĸŇĨĺńĨĩŋĽŜŅŏĶŖěĶŌĮĵŅĚ 

ĽŅĶĨƞŅĚȮŕȮĪňŗŒĝƟĽŜŅľĶńĭĔŅĶįĸŇĨĺńĨĩŋĽŜŅŏĶŖěĶŌĮĵŅĚľĶŊŀįĸŇĨĳńĦĤƢĵŅĚȮěŜŅŐĬĔŏĮƦĬıĺĔȮŕȮœħƟ

ħńĚĬňŘ 

/,ȮĽŅĶĪŜŅŒľƟĵŅĚėĚĶŌĮȮľĶŊŀĽŅĶĺńĸėŅœĬĞŇŗĚȮ&Vulcanizing agent'ȮœħƟŐĔƞȮĽŅĶĔŜŅĴŃĩńĬȮĽŅĶĪňŗ

ėĸƟŅĵȮŕȮĔŜŅĴŃĩńĬȮĽŅĶıĺĔĪňŗĴňĽƞĺĬĕŀĚĔŜŅĴŃĩńĬȮĽŅĶŏıŀĶŀĔœĞħƢ 

0,ȮĽŅĶŏĶƞĚȮ&Accelerator'ȮœħƟŐĔƞȮĽŅĶŏĶƞĚĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅȮŒľƟŏĔŇħĝƟŅȮĮŅĬĔĸŅĚȮľĶŊŀŏĶŖĺ 

1,ȮĽŅĶĔĶŃĨŋƟĬȮ&Activator'ȮœħƟŐĔƞȮĔĶħĽŏĨňĵĶŇĔȮŐĸŃĞŇĚėƢŀŀĔœĞħƢ 

2,ȮĽŅĶĨńĺŏĨŇĴȮ&Filler'ȮœħƟŐĔƞȮŏėĸĵƢȮœĺĪƢĨŇŘĚȮĞŇĸŇĔŅȮŐėĸŏĞňĵĴėŅĶƢĭŀŏĬĨȮŏĕĴƞŅħŜŅ 

3,ȮĽŅĶĝƞĺĵŒĬĔŅĶŐĮĶĶŌĮĵŅĚȮľĶŊŀĽŅĶıĸŅĽĨŇœĞŏĞŀĶƢȮ&Plasticizer'ȮœħƟŐĔƞȮĽŅĶĪŜŅŒľƟĵŅĚĬŇŗĴ

őħĵĪŅĚŏėĴňȮŐĸŃĽŅĶĪŜŅŒľƟĵŅĚĬŇŗĴőħĵĪŅĚĔŅĵĳŅı 

4,ȮĽŅĶĮƚŀĚĔńĬĵŅĚŏĽŊŗŀĴĽĳŅıȮ&Protective agent'ȮœħƟŐĔƞȮĽŅĶĨƟŅĬĪŅĬĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńŗĬȮ

&Antioxidant'ȮĽŅĶĨƟŅĬĪŅĬĮĢŇĔŇĶŇĵŅőŀőĞĬȮ&Antiozonant'ȮŏĮƦĬĨƟĬ 

5,ȮĽŅĶıŇŏĻļŀŊŗĬȮŕȮ&Miscellaneous ingredient'ȮœħƟŐĔƞȮĽŅĶĪňŗĪŜŅŒľƟŏĔŇħĽňȮ&Coloring 

material'ȮĽŅĶĪŜŅŒľƟŏĔŇħĲŀĚȮ&Blowing agent'ȮĽŅĶľĬƞĺĚȮ&Retarder'ȮŏĮƦĬĨƟĬ  
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0,1,/ȮĽŅĶĪŜŅŒľƟĵŅĚėĚĶŌĮȮľĶŊŀȮĽŅĶĺńĸėŅœĬĞŇŗĚȮ&Vulcanizing Agent'ȮY6, 7[ 

ĔĶŃĭĺĬĔŅĶĺńĸėŅœĬĞƢĩŌĔėƟĬıĭŒĬĮƖȮė,Ļ,Ȯ/617ȮőħĵȮCharles Goodyear ŒĬĽľĶńģŀŏĴĶŇĔŅ

ŐĸŃ Thomas Hancock ŒĬŀńĚĔķļȮĪńŘĚĽŀĚėƟĬıĭĔŅĶĺńĸėŅœĬĞƢőħĵŒĝƟȮSulphurȮŐĸŃ White Lead 

ĞŉŗĚŏĮƦĬĶŃĭĭĔŅĶĺńĸėŅœĬĞƢĕŀĚĵŅĚīĶĶĴĝŅĨŇȮĔŅĶėƟĬıĭėĶńŘĚĬňŘŏĮƦĬėĺŅĴĔƟŅĺľĬƟŅĪŅĚŏĪėőĬőĸĵňĪňŗ

ĽŜŅėńĠĽŜŅľĶńĭŏĻĶļģĔŇěőĸĔ 

ĽŅĶĪŜŅŒľƟĵŅĚėĚĶŌĮȮľĶŊŀȮĽŅĶĺńĸėŅœĬĞŇŗĚȮŐĭƞĚœħƟŏĮƦĬȮ1ȮıĺĔȮėŊŀ 

- ĔŜŅĴŃĩńĬȮ&Sulphur, S'ȮŐĸŃīŅĨŋĪňŗėĸƟŅĵĔŜŅĴŃĩńĬ 

- ĽŅĶĪňŗŒľƟĔŜŅĴŃĩńĬȮ&Sulphur donor' 

- ĽŅĶŀŊŗĬȮŕȮĪňŗœĴƞŒĝƞĔŜŅĴŃĩńĬ 

/,ȮĔŜŅĴŃĩńĬȮ&Sulphur, S6'ȮŐĸŃīŅĨŋĪňŗėĸƟŅĵĔŜŅĴŃĩńĬȮ 

ĔŜŅĴŃĩńĬȮŏĮƦĬĽŅĶĪŜŅŒľƟĵŅĚėĚĶŌĮȮľĶŊŀȮĽŅĶĺńĸėŅœĬĞŇŗĚĪňŗĬŇĵĴŒĝƟĴŅĔĪňŗĽŋħȮĮĶŃĴŅĦȮ7.#ȮŐĸŃ

ĬŇĵĴŒĝƟĔńĭĵŅĚĪňŗœĴƞŀŇŗĴĨńĺȮ&unsaturated rubber'ȮœħƟŐĔƞȮĵŅĚīĶĶĴĝŅĨŇȮĵŅĚȮSBR ĵŅĚȮBR ĵŅĚȮIR ĵŅĚȮ

EPDMȮĵŅĚȮNBR ŏĮƦĬĨƟĬ 

ŏĴŊŗŀĬŜŅĔŜŅĴŃĩńĬŒĽƞŏĕƟŅœĮŒĬĵŅĚȮŐĸƟĺŒľƟėĺŅĴĶƟŀĬȮěŃŏĔŇħĔŅĶėĚĶŌĮȮľĶŊŀĔŅĶĺńĸėŅœĬĞƢĕŉŘĬȮőħĵ

ĔŜŅĴŃĩńĬŏĮƦĬĨńĺœĮŏĝŊŗŀĴĶŃľĺƞŅĚőĴŏĸĔŋĸĕŀĚĵŅĚȮŏĶňĵĔĺƞŅȮŏĔŇħȮcrosslink ŐĸŃĩƟŅŏıŇŗĴĮĶŇĴŅĦĕŀĚ

ĔŜŅĴŃĩńĬȮĽƞĚįĸŒľƟĔŅĶȮcrosslink ŏıŇŗĴĕŉŘĬ 

ĔŅĶĺńĸėŅœĬĞƢħƟĺĵĔŜŅĴŃĩńĬȮY/.[ȮŏĮƦĬĔĶŃĭĺĬĔŅĶŏĝŊŗŀĴőĴŏĸĔŋĸĵŅĚŐĨƞĸŃőĴŏĸĔŋĸįƞŅĬıńĬīŃ

őėŏĺŏĸĬĞƢĪŜŅŒľƟŏĔŇħŏĮƦĬőėĶĚĽĶƟŅĚĨŅĕƞŅĵŐĽħĚħńĚĳŅıĪňŗȮ2,6ȮĔŅĶĺńĸėŅœĬĞƢŏĔŇħőħĵĵŅĚĪŜŅĮĢŇĔŇĶŇĵŅĔńĭ

ĔŜŅĴŃĩńĬŒĬĮĶŇĴŅĦĪňŗıŀŏľĴŅŃĪňŗŀŋĦľĳŌĴŇĽŌĚĔĺƞŅěŋħľĸŀĴŏľĸĺĕŀĚĔŜŅĴŃĩńĬȮőħĵĔŜŅĴŃĩńĬĪňŗĬŜŅĴŅĪŜŅ

ĮĢŇĔŇĶŇĵŅħƟĺĵĬňŘĴňĔŅĶĽĶƟŅĚıńĬīŃőėŏĺŏĸĬĨƢŏĝŊŗŀĴĶŃľĺƞŅĚőĞƞıŀĸŇŏĴŀĶƢŒľƟŏĮƦĬőĴŏĸĔŋĸŏħňĵĺĔńĬĪŜŅŒľƟĵŅĚĴň

ĽĴĭńĨŇėĚĨńĺŒĬŏĴŊŗŀĬŜŅĴŅŒĝƟĚŅĬȮĴňėĺŅĴĵŊħľĵŋƞĬœħƟħňĴŅĔĕŉŘĬȮĪĬėĺŅĴĶƟŀĬŐĸŃŐĽĚŐħħȮĸŃĸŅĵŒĬĨńĺĪŜŅ

ĸŃĸŅĵœħƟĵŅĔĕŉŘĬ 
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ĳŅıĪňŗȮ2,6ȮĔŅĶŏĔŇħĔĶŃĭĺĬĔŅĶĺńĸėŅœĬĞƢħƟĺĵȮsulphur Y11[ 

ĔŜŅĴŃĩńĬĪňŗŒĝƟŒĬĵŅĚĨƟŀĚŏĮƦĬĔŜŅĴŃĩńĬĪňŗĴňĕĬŅħŀĬŋĳŅėŏĸŖĔȮĞŉŗĚĕĬŅħŀĬŋĳŅėĵŇŗĚŏĸŖĔȮĪŜŅŒľƟ

ĔŜŅĴŃĩńĬĔĶŃěŅĵŒĬĵŅĚœħƟĪńŗĺĩŉĚħňĕŉŘĬȮĪŜŅŒľƟĵŅĚŏĔŇħĔŅĶėĚĶŌĮœħƟĪńŗĺĩŉĚȮŐĸŃĵŅĚĪňŗėĚĶŌĮŐĸƟĺĴňĽĴĭńĨŇĽŌĚ

ħƟĺĵȮĔŅĶŒĽƞĔŜŅĴŃĩńĬĸĚŒĬĵŅĚȮĞŉŗĚĨƟŀĚŒĽƞľĸńĚĽŋħŒĬěŜŅĬĺĬĽŅĶŏėĴňĪńŘĚľĴħȮŏıŊŗŀĮƚŀĚĔńĬœĴƞŒľƟŏĔŇħĔŅĶėĚ

ĶŌĮĔƞŀĬĔŜŅľĬħȮŐĨƞĵŅĚĭŅĚŀĵƞŅĚȮŏĝƞĬȮĵŅĚȮNBR ĞŉŗĚĔŜŅĴŃĩńĬĔĶŃěŅĵŒĬĵŅĚœħƟœĴƞħňȮĨƟŀĚŒĽƞĔŜŅĴŃĩńĬŏĕƟŅ

œĮĨńŘĚŐĨƞŏĶŇŗĴĨƟĬȮŏıŊŗŀĝƞĺĵŒľƟŏĺĸŅŒĬĔŅĶĔĶŃěŅĵŏıŇŗĴĕŉŘĬ 

ĔŅĶįĽĴĔŜŅĴŃĩńĬŏĕƟŅœĮŒĬĵŅĚȮľŅĔĺŅĚĪŇŘĚœĺƟŏĮƦĬŏĺĸŅĬŅĬȮĔŜŅĴŃĩńĬĪňŗŏĮƦĬĽƞĺĬŏĔŇĬŏĔŇħĔŅĶĨĔ

įĸŉĔŀŀĔĴŅĪňŗįŇĺĵŅĚȮŏĶňĵĔĺƞŅȮŏĔŇħĔŅĶĭĸŌĴȮ&blooming'ȮĔŅĶŐĔƟĮƤĠľŅĕŀĚĔŅĶĪňŗĔŜŅĴŃĩńĬŏĔŇħĔŅĶ

ŐĵĔĨńĺĴŅŀĵŌƞĪňŗįŇĺĵŅĚĽŅĴŅĶĩĪŜŅœħƟőħĵįĽĴĔŜŅĴŃĩńĬŏĕƟŅœĮŒĬĵŅĚĪňŗŀŋĦľĳŌĴŇĨŗŜŅĪňŗĽŋħȮŒĬĕĭĺĬĔŅĶŐĮĶ

ĶŌĮĵŅĚȮěŉĚěŜŅŏĮƦĬĨƟŀĚŒľƟŀŋĦľĳŌĴŇĕŀĚĵŅĚĺńĸėŅœĬĞƢĨŗŜŅŏıŊŗŀĮƚŀĚĔńĬĔŅĶĭĸŌĴ 

ĕƟŀħňŐĸŃĕƟŀŏĽňĵĕŀĚĔŜŅĴŃĩńĬ 

ĕƟŀħň /,ȮĔŜŅĴŃĩńĬĴňĶŅėŅėƞŀĬĕƟŅĚĩŌĔȮĪŜŅŒľƟĨƟĬĪŋĬĨŗŜŅ 

0,ȮĔĶŃěŅĵĨńĺĚƞŅĵŒĬĵŅĚ 

1,ȮœĴƞŏĮƦĬŀńĬĨĶŅĵĨƞŀĽŋĕĳŅı 

2,ȮĴňįĸőħĵĨĶĚĨƞŀĽŅĶŏĶƞĚȮěŉĚŏĮƦĬĨńĺėĺĭėŋĴŀńĨĶŅĔŅĶŏĔŇħĺńĸėŅœĬĞƢ 

ĕƟŀŏĽňĵ /,ȮĴňŐĬĺőĬƟĴĪŜŅŒľƟŏĔŇħĔŅĶŐĵĔĨńĺĴŅŀĵŌƞĪňŗįŇĺĵŅĚ 

0,ȮĴňĔŅĶĨŇħĽňĕŀĚĞńĸœĲĨƢ 

1,ȮŏĴŊŗŀĬŜŅĵŅĚĪňŗįĽĴĔŜŅĴŃĩńĬœĮŀĭȮĵŅĚĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀėĺŅĴĶƟŀĬĸħĸĚ 

2,ȮĴňĕňħěŜŅĔńħŒĬĔŅĶŒĝƟȮėŊŀȮŒĝƟœħƟĔńĭĵŅĚĪňŗœĴƞŀŇŗĴĨńĺ 

Sulphur 

Sulphur 
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ĬŀĔěŅĔĔŜŅĴŃĩńĬŐĸƟĺȮĵńĚĴňīŅĨŋŀŊŗĬȮŕȮĪňŗėĸƟŅĵĔŜŅĴŃĩńĬȮĪŜŅľĬƟŅĪňŗŏĮƦĬĽŅĶĪŜŅŒľƟĵŅĚėĚĶŌĮȮľĶŊŀ

ĽŅĶĺńĸėŅœĬĞƢȮœħƟŐĔƞȮĞŇĸŇŏĬňĵĴȮ&Selenium'ȮŐĸŃȮŏĪĸĸŌŏĶňĵĴȮ&Tellurium'ȮŒĝƟŐĪĬĔŜŅĴŃĩńĬȮŏĴŊŗŀ

ĨƟŀĚĔŅĶĽĴĭńĨŇėĺŅĴĨƟŅĬĪŅĬĨƞŀėĺŅĴĶƟŀĬȮŐĨƞĮĢŇĔŇĶŇĵŅĴňĽŅĶȮ0ȮĨńĺĬňŘĪŜŅĔńĭĵŅĚȮœĴƞħňŏĪƞŅĔńĭĔŜŅĴŃĩńĬȮ

ŐĸŃĵńĚŏĮƦĬıŇļȮőħĵĪńŗĺœĮĬŇĵĴŒĝƟŏĮƦĬĽŅĶĪŜŅŒľƟĵŅĚėĚĶŌĮŏĽĶŇĴĶƞĺĴĔńĭĔŜŅĴŃĩńĬȮĞŉŗĚĪŜŅŒľƟŒĝƟĮĶŇĴŅĦȮ

ĔŜŅĴŃĩńĬĸħĸĚȮŐĸŃĪŜŅŒľƟœħƟĵŅĚĪňŗĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀėĺŅĴĶƟŀĬŐĸŃœŀĬŘŜŅȮŐĸŃĴňőĴħŌĸńĽĽŌĚĕŉŘĬħƟĺĵ 

ĽŅĶĪňŗŒľƟĔŜŅĴŃĩńĬȮ&Sulphur donor' 

ĽŅĶĪňŗŒľƟĔŜŅĴŃĩńĬȮ&Sulphur donor'ȮľĴŅĵĩŉĚȮĽŅĶĪňŗĴňĔŜŅĴŃĩńĬŏĮƦĬŀĚėƢĮĶŃĔŀĭȮŐĸŃĽĸŅĵ

ŒľƟĔŜŅĴŃĩńĬĪňŗŀŋĦľĳŌĴŇĕŀĚĔŅĶėĚĶŌĮȮœħƟŐĔƞȮĪňŏŀŖĴĪňħňȮTMTD &Tetramethyl thiuram disulphide'Ȯħň

ĪňħňŏŀŖĴDTDM &Dimorpholine disulphide ľĶŊŀȮDithiodimorpholine'ȮħňıňĪňĪňȮDPTT 

&DipentamethyleneȮthiuram tetrasulphide'Ȯ 

ĔŅĶŒĝƟĽŅĶĪňŗŒľƟĔŜŅĴŃĩńĬȮŒĝƟĶƞĺĴĔńĭĔŜŅĴŃĩńĬĮĶŇĴŅĦŏĸŖĔĬƟŀĵȮėŊŀȮŒĝƟĔŜŅĴŃĩńĬĨŗŜŅĔĺƞŅȮ/ phr 

ĶƞĺĴĔńĭĽŅĶĪňŗŒľƟĔŜŅĴŃĩńĬȮ1ȮůȮ2 phrȮľĶŊŀĭŅĚĔĶĦňŀŅěœĴƞŒĝƟĔŜŅĴŃĩńĬŏĸĵĔŖœħƟȮőėĶĚĽĶƟŅĚĕŀĚĔŅĶȮ

ŏĝŊŗŀĴőĵĚőĴŏĸĔŋĸĪňŗŏĔŇħĕŉŘĬȮĴňĮĶŃĽŇĪīŇĳŅıŐĕŖĚŐĶĚħňĔĺƞŅĔŅĶŏĝŊŗŀĴőĵĚőĴŏĸĔŋĸĵŅĚőħĵĶŃĭĭĪňŗŒĝƟ

ĔŜŅĴŃĩńĬĨŅĴĮĔĨŇȮœĴƞŏĔŇħĔŅĶĭĸŌĴĪňŗįŇĺĵŅĚȮĝƞĺĵŒľƟŏĔŇħėĺŅĴĮĸŀħĳńĵŒĬĕĭĺĬĔŅĶįĸŇĨȮėŊŀȮœĴƞŏĔŇħĔŅĶ

ėĚĶŌĮĔƞŀĬĔŜŅľĬħȮŐĸŃįĸŇĨĳńĦĤƢĪňŗœħƟĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶŏĽŊŗŀĴĽĳŅıĪňŗŀŋĦľĳŌĴŇĽŌĚħňĔĺƞŅȮŐĸŃŒľƟ

őĴħŌĸńĽĽŌĚĔĺƞŅĔŅĶŒĝƟĔŜŅĴŃĩńĬĸƟĺĬȮŕȮŒĬĮĶŇĴŅĦŏĪƞŅĔńĬȮŐĨƞĔŅĶŒĝƟĽŅĶĪňŗŒľƟĔŜŅĴŃĩńĬĴňĶŅėŅŐıĚĔĺƞŅĔŅĶ

ŒĝƟĔŜŅĴŃĩńĬŏıňĵĚŀĵƞŅĚŏħňĵĺȮŏıĶŅŃĽŅĶĬňŘĴňĶŅėŅŐıĚĔĺƞŅĔŜŅĴŃĩńĬīĶĶĴħŅȮŐĸŃĨƟŀĚŒĝƟŒĬĮĶŇĴŅĦĴŅĔ 

ĽŅĶŀŊŗĬȮŕȮĪňŗœĴƞŒĝƞĔŜŅĴŃĩńĬȮĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ1ȮĝĬŇħȮėŊŀ 

- őĸľŃŀŀĔœĞħƢȮ&Metallic oxides'Ȯ 

ĞŉŗĚœħƟŐĔƞȮıĺĔĞŇĚėƢŀŀĔœĞħƢȮ&Zinc oxide, ZnO'ȮŐĴĔĬňŏĞňĵĴŀŀĔœĞħƢȮ&Magnesium oxide,Ȯ

MgO'ȮĨŃĔńŗĺŀŀĔœĞħƢȮ&Lead oxide,ȮPbO'ȮŒĝƟŒĬĔŅĶĺńĸėŅœĬĞƢĵŅĚĭŅĚĝĬŇħȮŏĝƞĬȮĞŇĚėƢŀŀĔœĞħƢȮ

ŐĴĔĬňŏĞňĵĴŀŀĔœĞħƢȮŒĝƟĺńĸėŅœĬĞƢĵŅĚȮNeoprene &CR'ȮŐĴĔĬňŏĞňĵĴŀŀĔœĞħƢȮŒĝƟĺńĸėŅœĬĞƢĵŅĚȮ

Fluoroelastomer &FPM'ȮĨŃĔńŗĺŀŀĔœĞħƢȮŐĴĔĬňŏĞňĵĴŀŀĔœĞħƢȮŒĝƟĺńĸėŅœĬĞƢĵŅĚœŁıŅĸŀĬȮ&CSM' 

- ĽŅĶıĺĔĪňŗĴňľĴŌƞĪňŗœĺĨƞŀĮĢŇĔŇĶŇĵŅ 

ĽŅĶıĺĔĬňŘĴňĔŅĶĲŀĶƢĴĔńĬĕŀĚĽŅĵőĞƞŏĝŊŗŀĴőĵĚŒĬőĴŏĸĔŋĸĵŅĚȮőħĵĪŜŅĮĢŇĔŇĶŇĵŅĔńĭŐĕĬĚĕŀĚĽŅĵ

őĴŏĸĔŋĸȮŏĝƞĬȮĔŅĶŒĝƟȮepoxy resin ĺńĸėŅœĬĞƢĵŅĚȮNBR ĔŅĶŒĝƟȮquinone dioxime ĺńĸėŅœĬĞƢĵŅĚȮIIR 

ŏĮƦĬĨƟĬ 
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- ĽŅĶŏıŀĶƢŀŀĔœĞħƢȮ&Peroxide'Ȯ 

ŒĝƟĽŅĶŏıŀĶƢŀŀĔœĞħƢŏıŊŗŀĔŅĶėĚĶŌĮĵŅĚœħƟĪńŘĚıĺĔĪňŗĴňėĺŅĴŀŇŗĴĨńĺȮŏĝƞĬȮĵŅĚĞŇĸŇőėĬȮŐĸŃıĺĔĪňŗ

œĴƞŀŇŗĴĨńĺȮľĶŊŀıĺĔĪňŗœĴƞĴňľĴŌƞĪňŗœĺĨƞŀĮĢŇĔŇĶŇĵŅĔŅĶėĚĶŌĮȮĽŅĶŏıŀĶƢŀŀĔœĞħƢĪňŗĬŇĵĴŒĝƟĔńĭĵŅĚȮėĺĶŏĮƦĬĽŅĶ

ĪňŗĴňėĺŅĴŏĽĩňĵĶĪňŗĞŉŗĚĪŜŅŒľƟŏĔŖĭĶńĔļŅœĺƟœħƟĬŅĬȮĴňėĺŅĴĺƞŀĚœĺıŀĽĴėĺĶŒĬĔŅĶĪŜŅĮĢŇĔŇĶŇĵŅĔńĭĵŅĚĪňŗ

ŀŋĦľĳŌĴŇĕŀĚĔŅĶėĚĶŌĮȮŐĸŃĮĸŀħĳńĵŒĬĔŅĶŒĝƟȮœħƟŐĔƞȮDicumyl peroxide, Benzoyl peroxide 

ĕƟŀħňŐĸŃĕƟŀŏĽňĵĕŀĚĽŅĶŏıŀĶƢŀŀĔœĞħƢ 

ĕƟŀħň /,ȮĵŅĚĪŋĔȮŕȮĽƞĺĬŏĔŇħĔŅĶėĚĶŌĮŒĬŏĺĸŅŒĔĸƟŏėňĵĚĔńĬ 

0,ȮĽĴĭńĨŇħƟŅĬȮcompression set ħňĴŅĔ 

1,ȮĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀėĺŅĴĶƟŀĬħňĴŅĔ 

2,ȮœĴƞŏĔŇħĮƤĠľŅĔŅĶȮbloom 

3,ȮŒľƟįĸŇĨĳńĦĤƢĪňŗĴňĽňĽĺĵ 

4,ȮĽĴĭńĨŇĪŅĚœĲĲƚŅħňĴŅĔ 

ĕƟŀŏĽňĵ /,ȮĶŅėŅŐıĚĔĺƞŅĔŅĶŒĝƟĔŜŅĴŃĩńĬ 

0,ȮĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚĨŗŜŅĔĺƞŅĵŅĚĪňŗĪŜŅŒľƟėĚĶŌĮőħĵŒĝƟĔŜŅĴŃĩńĬ 

1,ȮėƞŀĬĕƟŅĚĴňĔĸŇŗĬ 

2,ȮInduction period ĽńŘĬĴŅĔ 

3,ȮĽĴĭńĨŇĽƞĺĬŒľĠƞĨŗŜŅĔĺƞŅĵŅĚĪňŗŒĝƟĔŜŅĴŃĩńĬ 

ŐĨƞŀĵƞŅĚœĶĔŖĨŅĴĔŅĶĺńĸėŅœĬĞƢĵŅĚħƟĺĵĔŜŅĴŃĩńĬŏıňĵĚŀĵƞŅĚŏħňĵĺĬńŘĬĴňĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŏĝŊŗŀĴ

ĕĺŅĚœħƟĸƞŅĝƟŅĴŅĔȮĞŉŗĚĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĪŅĚŏėĴňĶŃľĺƞŅĚȮSulphur ŐĸŃĵŅĚœŁőħĶėŅĶƢĭŀĬŏĔŇħĕŉŘĬĪňŗȮ 

C ;ȮC &ŐĽħĚħńĚĳŅıĪňŗȮ2,7'ȮőħĵŒĬĔŅĶŏĝŊŗŀĴőĵĚ SulphurȮ2.ȮĩŉĚȮ33ȮŀŃĨŀĴȮ&ŒĬĔĶĦňĪňŗœĴƞĴňĨńĺŏĶƞĚ

ĮĢŇĔŇĶŇĵŅ'ȮĨƟŀĚŒĝƟŏĺĸŅĮĶŃĴŅĦȮ4ȮĝńŗĺőĴĚĪňŗŀŋĦľĳŌĴŇȮ/2.ȮŀĚĻŅŏĞĸŏĞňĵĽȮĞŉŗĚŏĮƦĬĔŅĶŒĝƟŏĺĸŅĬŅĬŏĔŇĬœĮ

ŒĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢŒħȮŕȮŐĸŃĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶȮvulcanizationȮŀňĔĪńŘĚŀŅěŏĔŇħȮoxidative 

degradationȮĞŉŗĚĪŜŅŒľƟĵŅĚĺńĸėŅœĬĞƢĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗœĴƞŏıňĵĚıŀĽŜŅľĶńĭĔŅĶŒĝƟĚŅĬŒĬĪŅĚĮĢŇĭńĨŇȮěŉĚœħƟ

ĴňĔŅĶĻŉĔļŅŐĸŃıńĥĬŅĕƟŀěŜŅĔńħŏľĸƞŅĬňŘŏĶŊŗŀĵĴŅȮőħĵĴňĔŅĶĻŉĔļŅŐĸŃıńĥĬŅĔŅĶŒĝƟĽŅĶŏėĴňŀŊŗĬȮŕȮŏıŊŗŀŏĶƞĚ

ėĺŅĴŏĶŖĺȮŐĸŃĮĶŃĽŇĪīŇĳŅıĕŀĚĔĶŃĭĺĬĔŅĶĺńĸėŅœĬĞƢ 
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ĳŅıĪňŗȮ2,7ȮĮġŇĔŇĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬĕŀĚ polyisoprene őħĵȮsulphurȮY7[ 

2,3,2 ĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬȮ&Accelerator'ȮY/0[ 

ŒĬĔŅĶĺńĸėŅœĬĞƢĵŅĚĬńŘĬȮĩƟŅŒĝƟĽŅĶĪŜŅŒľƟĵŅĚėĚĶŌĮŏıňĵĚŀĵƞŅĚŏħňĵĺȮŏĝƞĬȮĔŜŅĴŃĩńĬȮĴňĔŅĶŏĔŇħĔŅĶĺńĸėŅ
œĬĞƢĝƟŅĴŅĔȮĨƟŀĚŒĝƟĔŜŅĴŃĩńĬĮĶŇĴŅĦĴŅĔȮŐĸŃŒĝƟŀŋĦľĳŌĴŇĽŌĚȮŐĨƞĩƟŅŒĝƟĽŅĶŏĶƞĚŏĮƦĬĔŅĶĝƞĺĵĸħŏĺĸŅȮŐĸŃ
ŀŋĦľĳŌĴŇŒĬĔŅĶĺńĸėŅœĬĞƢȮŀňĔĪńŘĚĵńĚŏĮƦĬĔŅĶĝƞĺĵĮĶńĭĮĶŋĚĽĴĭńĨŇŒľƟĔńĭįĸŇĨĳńĦĤƢŀňĔħƟĺĵȮĔŅĶĸħŏĺĸŅĺńĸ
ėŅœĬĞƢĵŅĚĬńŘĬȮĮĔĨŇěŃĕŉŘĬŀĵŌƞĔńĭĮĶŇĴŅĦŐĸŃĝĬŇħĕŀĚĽŅĶĪňŗŒĝƟȮĞŉŗĚĽŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬŐĨƞĸŃ
ĮĶŃŏĳĪĴňįĸĪŜŅŒľƟĽĴĭńĨŇĕŀĚĵŅĚĺńĸėŅœĬĞƢĪňŗŐĨĔĨƞŅĚĔńĬœĮȮőħĵĮĶŃŏĳĪĕŀĚĽŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅĺńĸėŅœĬ
ŏĞĝńŗĬĞŉŗĚŐĭƞĚĨŅĴ chemical group ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,2ȮŐĸŃŐĽħĚőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĽŅĶŏĶƞĚ
ĮĢŇĔĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬħńĚĨŅĶŅĚĪňŗȮ2,3Ȯ 
ĨŅĶŅĚĪňŗȮ2,2ȮŐĽħĚĮĶŃŏĳĪĕŀĚĽŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬȮY11[ 

Chemical Group Accelerators Vulcanization Speed 
Aldehyde Amine  BA, HMT  Slow  

Guanidine  DPG, DOTG  Slow  

Thiazole  MBT, MBTS, ZMBT  Semi Ultra+fast  
Thiophosphate  ZBDP  Ultra+fast  

Sulfenamides  CBS, TBBS, MBS, DCBS  Fast+Delayed action  

Thiourea  ETU, DPTU, DBTU  Ultra+fast  
Thiuram  TMTM, TMTD, DPTT, TBzTD  Ultra+fast  

Dithiocarbamate  ZDMC, ZDEC, ZDBC, ZBEC  Ultra+fast  
Xanthates  ZIX  Ultra+fast  

 

sulphur 
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ĨŅĶŅĚĪňŗȮ2,3ȮŐĽħĚőėĶĚĽĶƟŅĚĕŀĚĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅĪňŗŒĝƟĔńĬĪńŗĺœĮȮY11[ 

Accelerator Chemical Structure Remarks 

Ethylene ThioureaȮ
&ETU' 

 

Group8ȮThioureas, 

Speed8ȮUltra+fast, 

Use8ȮAs a Primary-Ȯ
Secondary accelerator, 

Dipentamethylene 
Thiourea 

&DPTU' 
 

Group8ȮThioureas, 

Speed8ȮUltra+fast, 

Use8ȮAs a Primary-Ȯ
Secondary accelerator, 

Tetramethylthiuram 
MonosulfideȮ&TMTM' 

 

 

Group8ȮThiurams, 

Speed8ȮUltra+fast, 

Use8ȮAs a Primary-Ȯ
Secondary accelerator, 

Tetramethylthiuram 
DisulfideȮ&TMTD' 

 

 

Group8ȮThiurams, 

Speed8ȮUltra+fast, 

Use8ȮAs a Primary-Ȯ
Secondary accelerator, 
Sulphur donor 

Diphenyl Guanidine 

&DPG' 

 

Group8ȮGuanidines, 

Speed8ȮSlow cure rate,Ȯ 
Use8ȮAs a Primary & 
Secondary accelerator, 

0+Mercapto 
benzothiazole 

&MBT' 
 

Group8ȮThiazoles, 

Speed8ȮScorch Ultra+fast, 

Use8ȮAs a Primary 
accelerator, 
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Accelerator Chemical Structure Remarks 
0+0Ų+Dithiobis 

&benzothiazole'Ȯ
&MBTS' 

 

 

Group8ȮThiazoles, 

Speed8ȮLess scorch thanȮ
MBT,ȮUltra+fast, 

Use8ȮAs a Primary 
accelerator, 

N+Cyclohexyl+2+
benzothiazole 
sulfenamide &CBS' 

 

Group8ȮSulfenamides, 

Speed8ȮDelayed Action,Ȯ
Ultra+fast, 

Use8ȮAs a Primary 
accelerator, 

Zinc dimethyldithio 
carbamate 

&ZDMC' 
 

Group8ȮDithiocarbamates, 

Speed8ȮUltra+fast, 

Use8ȮAs a Primary -Ȯ
Secondary accelerator, 

 

ĔŅĶŒĝƟĽŅĶŏĶƞĚȮĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ1ȮĶŃĭĭȮėŊŀ 

- ĶŃĭĭĔŅĶŒĝƟĽŅĶŏĶƞĚŏıňĵĚĝĬŇħŏħňĵĺľĶŊŀŏĶňĵĔĺƞŅȮprimary accelerator ĔŖĪŜŅŒľƟ

ıŀŏıňĵĚŒľƟŏĔŇħĔŅĶĺńĸėŅœĬĞƢĵŅĚĨŅĴŏĺĸŅĪňŗĨƟŀĚĔŅĶ 

- ĶŃĭĭĔŅĶŒĝƟĽŅĶŏĶƞĚĨńŘĚŐĨƞȮ0ȮĝĬŇħĕŉŘĬœĮȮĞŉŗĚĮĶŃĔŀĭħƟĺĵĝĬŇħľĬŉŗĚŒĝƟŒĬĮĶŇĴŅĦ

ĴŅĔŏĮƦĬȮprimary accelerator ŐĸŃŀňĔĝĬŇħľĬŉŗĚŒĝƟŒĬĮĶŇĴŅĦĬƟŀĵŏĮƦĬȮ

secondary acceleratorȮ&/.ȮůȮ0.Ȯ#ȮĕŀĚĮĶŇĴŅĦĽŅĶŏĶƞĚĪńŘĚľĴħ'ȮŏıŊŗŀĝƞĺĵ

ŏĽĶŇĴŐĸŃĮĶńĭĮĶŋĚĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢȮĔŅĶŒĝƟĶŃĭĭĺńĸėŅœĬĞƢĪňŗĴňĽŅĶŏĶƞĚĨńŘĚŐĨƞȮ0Ȯ

ĝĬŇħĕŉŘĬœĮȮěŃœħƟįĸŇĨĳńĦĤƢĪňŗĴňėŋĦĳŅıħňĔĺƞŅĔŅĶŒĝƟĶŃĭĭĽŅĶŒħĽŅĶľĬŉŗĚŏıňĵĚ

ŀĵƞŅĚŏħňĵĺ 



  22 

- ĶŃĭĭĔŅĶŒĝƟĽŅĶŏĶƞĚĪňŗĴňĮĢŇĔŇĶŇĵŅĝƟŅȮ&Delayed action accelerator'ȮĽŅĶĮĶŃŏĳĪ

ĬňŘěŃœĴƞŏĔŇħĮĢŇĔŇĶŇĵŅĕĦŃĔĶĶĴĺŇīňĔƞŀĬĔŅĶĺńĸėŅœĬĞƢȮĞŉŗĚŏĮƦĬĔŅĶĮƚŀĚĔńĬĮƤĠľŅĵŅĚ

ŏĔŇħĔŅĶĺńĸėŅœĬĞƢĔƞŀĬŏĺĸŅ 

ĽŅĶŏĶƞĚĮĢŇĔĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬŐĨƞĸŃĝĬŇħĴň Scorch time, Cure rate ŐĸŃȮCross link 

density ĪňŗŐĨĔĨƞŅĚĔńĬŐĽħĚħńĚĳŅıĪňŗȮ2,8Ȯ 

 
ĳŅıĪňŗȮ2,8ȮŐĽħĚıķĨŇĔĶĶĴĔŅĶŏĔŇħĮġŇĔŇĶŇĵŅĕŀĚĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬȮY11[ 

ĽĴĭńĨŇĕŀĚĵŅĚȮvulcanized ĕŉŘĬŀĵŌƞĔńĭėĺŅĴľĬŅŐĬƞĬĕŀĚĔŅĶŏĝŊŗŀĴĕĺŅĚȮ&Crosslink 

density'ȮőħĵėŋĦĽĴĭńĨŇĨƞŅĚŕĕŀĚĵŅĚȮŏĝƞĬȮĴŀħŋĸńĽȮėĺŅĴŐĕŖĚȮėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħŐĸŃŐĶĚħŉĚȮ

ŏıŇŗĴĕŉŘĬȮŏĴŊŗŀėĺŅĴľĬŅŐĬƞĬĕŀĚĔŅĶŏĝŊŗŀĴőĵĚŏıŇŗĴĕŉŘĬȮħńĚĬńŘĬĮĶŇĴŅĦŐĸŃĶŌĮŐĭĭĕŀĚĔŅĶŏĝŊŗŀĴĕĺŅĚŏĮƦĬ

ĮƤěěńĵĪňŗĽŜŅėńĠĪňŗĽŋħĽŜŅľĶńĭĔŅĶĺńĸėŅœĬĞƢĪňŗĨƟŀĚĔŅĶȮĞŉŗĚĮĶŇĴŅĦŐĸŃĝĬŇħĕŀĚĔŅĶŏĝŊŗŀĴĕĺŅĚĕŉŘĬŀĵŌƞĔńĭ

ĮƤěěńĵĨƞŅĚŕȮħńĚĬňŘ 

- ĮĶŇĴŅĦĽŅĶĪňŗĪŜŅŒľƟŏĔŇħĔŅĶŏĝŊŗŀĴőĵĚȮ&Sulphur dosage' 

- ĝĬŇħĕŀĚĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬȮ&Accelerator type' 

- ŀńĨĶŅĽƞĺĬĕŀĚĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬĨƞŀĽŅĶĪňŗĪŜŅŒľƟŏĔŇħĔŅĶŏĝŊŗŀĴĕĺŅĚȮ

&Accelerator -ȮSulphur ratio' 

- ĶŃĵŃŏĺĸŅŒĬĔŅĶŏĔŇħĔŅĶŏĝŊŗŀĴĕĺŅĚȮ&Cure time' 
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őħĵĪńŗĺœĮĶŃĵŃŏĺĸŅŒĬĔŅĶŏĔŇħĔŅĶŏĝŊŗŀĴĕĺŅĚŐĸŃŀńĨĶŅĽƞĺĬĕŀĚȮAccelerator-Sulphur Īňŗ

ĽŌĚȮĴňįĸĪŜŅŒľƟěŜŅĬĺĬĔŅĶŏĔŇħĔŅĶŏĝŊŗŀĴőĵĚĕĺŅĚŒĬĶŌĮŐĭĭ monosulfide ŏĔŇħĕŉŘĬĴŅĔĔĺƞŅŐĭĭ

polysulfide vulcanizates ĞŉŗĚĽƞĚįĸŒľƟĵŅĚĴňŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗħňĕŉŘĬȮĴňĽĴĭńĨŇŏĝŇĚĔĸŏıŇŗĴĕŉŘĬȮ

ŏĬŊŗŀĚěŅĔėĺŅĴŏĽĩňĵĶĕŀĚıńĬīŃȮC+S ĴňėĺŅĴŐĕŖĚŐĶĚĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭıńĬīŃĕŀĚȮS+S 

ŒĬĶŃĭĭĺńĸėŅœĬĞƢĵŅĚőħĵĔŜŅĴŃĩńĬĬńŘĬĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬȮ3ȮĮĶŃŏĳĪȮĕŉŘĬŀĵŌƞĔńĭȮ

ŀńĨĶŅĽƞĺĬĕŀĚĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬĨƞŀĽŅĶĪňŗĪŜŅŒľƟŏĔŇħĔŅĶŏĝŊŗŀĴĕĺŅĚĕŀĚĵŅĚȮėŊŀ 

- ĶŃĭĭĺńĸėŅœĬĞƢŐĭĭĮĔĨŇȮ&Conventional Vulcanized System, C,V,' 

- ĶŃĭĭĺńĸėŅœĬĞƢŐĭĭĔŉŗĚĮĶŃĽŇĪīŇĳŅıȮ&Semi+Efficiently Vulcanized System, 

Semi+E,V,' 

- ĶŃĭĭĺńĸėŅœĬĞƢŐĭĭĴňĮĶŃĽŇĪīŇĳŅıȮ&Efficiently Vulcanized System, E,V,'Ȯ 

őħĵĶŃĭĭĔŅĶĺńĸėŅœĬĞƢŒĬĶŃĭĭĮĔĨŇȮ&C,V,'ȮŒĝƟĮĶŇĴŅĦĕŀĚĔŜŅĴŃĩńĬĽŌĚĔĺƞŅȮ1,5 phrȮŐĸŃŒĝƟ

ĮĶŇĴŅĦĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅĺńĸėŅœĬŏĞĝńŗĬĬƟŀĵȮ&0,5 ĩŉĚȮ1,0 phr'ȮěŉĚĪŜŅŒľƟěŜŅĬĺĬŀŃĨŀĴĕŀĚĔŜŅĴŃĩńĬŒĬ

ıńĬīŃŏĝŊŗŀĴőĵĚŏĮƦĬŐĭĭĴŅĔĔĺƞŅľĬŉŗĚŀŃĨŀĴĨƞŀľĬŉŗĚıńĬīŃȮ&polysulphidic crosslink'ȮħńĚĬńŘĬěŉĚœħƟĴň

ĔŅĶĮĶńĭĮĶŋĚŒľƟĴňėĺŅĴŐĕŖĚŐĶĚıńĬīŃĪňŗħňĕŉŘĬȮŏĮƦĬŐĭĭĔŅĶŒĝƟĔŜŅĴŃĩńĬľĬŉŗĚŀŃĨŀĴĨƞŀľĬŉŗĚıńĬīŃ

ŏĝŊŗŀĴőĵĚȮ&monosulphidic crosslink'ȮőħĵĔŅĶŏıŇŗĴĽńħĽƞĺĬĕŀĚĽŅĶĨńĺŏĶƞĚŒĬĔĸŋƞĴœīĵŌŐĶĴœħĞńĸœĲħƢȮ

ĔńĭĞńĸĲƕĬŅœĴħƢȮĞŉŗĚŏĮƦĬĽŅĶĨńĺŏĶƞĚĪňŗĴňĽĴĭńĨŇŏĮƦĬĽŅĶŒľƟĔŜŅĴŃĩńĬȮ&sulphur donor'ȮŏĶňĵĔĺƞŅĶŃĭĭĺńĸėŅ

œĬĞƢŐĭĭĴňĮĶŃĽŇĪīŇĳŅıȮ&E,V,'ȮĞŉŗĚĴňĔŅĶŏĶŇŗĴŒĝƟĺŇīňĬňŘĨńŘĚŐĨƞĮƖȮė,Ļ,Ȯ/73.ȮőħĵŒĬĶŃĭĭĬňŘĴňĔŅĶŒĝƟĮĶŇĴŅĦ

ĔŜŅĴŃĩńĬĪňŗĨŗŜŅĴŅĔȮ&ĨŗŜŅĔĺƞŅȮ.,2+.,3Ȯphr'ȮŐĸŃŒĝƟĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅĪňŗĽŌĚĕŉŘĬȮ&0,3ȮĩŉĚȮ3,.Ȯphr'ȮĞŉŗĚĪŜŅŒľƟ

ĽĴĭńĨŇĪĬĨƞŀėĺŅĴĶƟŀĬĪňŗħňĕŉŘĬŒĬĵŅĚīĶĶĴĝŅĨŇȮŐĸŃŒľƟėĺŅĴĨƟŅĬĪŅĬĨƞŀėĺŅĴĸƟŅĪňŗħňĕŉŘĬȮőħĵœħƟŐĽħĚ

ĕƟŀěŜŅĔńħĕŀĚĮĶŇĴŅĦĔŜŅĴŃĩńĬȮŐĸŃĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅœĺƟħńĚĨŅĶŅĚĪňŗȮ2,4 

ĨŅĶŅĚĪňŗȮ2,4ȮŐĽħĚĕƟŀěŜŅĔńħĕŀĚĮĶŇĴŅĦĔŜŅĴŃĩńĬȮŐĸŃĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅĕŀĚĶŃĭĭĺńĸėŅœĬĞƢĨƞŅĚȮŕȮY11[ 
Vulcanization 

System 
Conventional 
&CV'Ȯ 

Efficient  
&EV'Ȯ 

Semi Efficient  
&Semi EV'Ȯ 

Sulphur Dosage, phr  2,0+3,5 0,4+0,8 1,0+1,7 

Accelerator Dosage, phr  0,4+1,2 2,0+5,0 1,2+2,4 

Accelerator-Sulphur Ratio  0,1+0,6 2,5+12,0 0,7+2,5 
Ȯ  
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2,3,3 ĽŅĶĔĶŃĨŋƟĬȮ&Activator'ȮY8[ 

ĽŅĶĔĶŃĨŋƟĬȮľĶŊŀȮĽŅĶŏĽĶŇĴĨńĺŏĶƞĚȮ&Activator'ȮŏĮƦĬĽŅĶĪňŗĝƞĺĵŏĶƞĚŀńĨĶŅĔŅĶĺńĸėŅœĬĞƢĵŅĚŒľƟŏĶŖĺ 

ĕŉŘĬȮőħĵĔŅĶĪŜŅŒľƟĽŅĶŏĶƞĚĴňėĺŅĴĺƞŀĚœĺĨƞŀĮĢŇĔŇĶŇĵŅȮŏıŊŗŀŒľƟŏĔŇħĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬȮőħĵŏĮƦĬĔŅĶŏĶƞĚ
ŀńĨĶŅĔŅĶĺńĸėŅœĬĞƢĵŅĚŒľƟŏĶŖĺĕŉŘĬȮŐĸŃĮĶńĭĮĶŋĚĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢŒľƟħňĵŇŗĚĕŉŘĬȮőħĵĪŜŅŒľƟĵŅĚĴňőĴħŌĸńĽ
ĽŌĚĕŉŘĬőħĵĽŅĶĔĶŃĨŋƟĬȮĽŅĴŅĶĩŐĭƞĚŏĮƦĬȮ2ȮĮĶŃŏĳĪȮėŊŀȮĽŅĶŀĬŇĬĪĶňĵƢȮŐĸŃĽŅĶŀŇĬĪĶňĵƢ 

/,ȮĽŅĶŀĬŇĬĪĶňĵƢ 

ĽƞĺĬŒľĠƞŏĮƦĬıĺĔőĸľŃŀŀĔœĞħƢȮœħƟŐĔƞȮĞŇĚėƢŀŀĔœĞħƢȮ&Zinc oxide, ZnO'ȮŐėħŏĴňĵĴŀŀĔœĞħƢȮ

&Cadmium oxide, CdO'ȮŐėĸŏĞňĵĴœŁħĶŀĔœĞħƢȮ&Calcium hydroxide, Ca&OH'0'ȮŐĴĔĬňŏĞňĵĴ

ŀŀĔœĞħƢȮ&Magnesium oxide, MgO'ȮőħĵŒĬĭĶĶħŅĽŅĶĨƞŅĚŏľĸƞŅĬňŘĞŇĚėƢŀŀĔœĞħƢŏĮƦĬĽŅĶĪňŗĬŇĵĴŒĝƟĔńĬ

őħĵĪńŗĺœĮ 

ĞŇĚėƢŀŀĔœĞħƢȮ&Zinc oxide, ZnO'ȮŏĮƦĬĽŅĶĪňŗěŜŅŏĮƦĬŒĬĔŅĶĪŜŅŒľƟĵŅĚėĚĶŌĮœħƟĽĴĭŌĶĦƢȮŏĮƦĬĽŅĶ

ĪňŗĴňĶŅėŅėƞŀĬĕƟŅĚŐıĚȮŏĬŊŗŀĚěŅĔĴňėĺŅĴĩƞĺĚěŜŅŏıŅŃĽŌĚȮėŊŀȮ3,35ȮħńĚĬńŘĬěŉĚėĺĶľĸňĔŏĸňŗĵĚĔŅĶŒĝƟĞŇĚėƢŀŀĔ

œĞħƢŒĬĮĶŇĴŅĦĪňŗĴŅĔŏĔŇĬœĮȮőħĵĪńŗĺœĮŐĸƟĺĮĶŇĴŅĦĔŅĶŒĝƟĞŇĚėƢŀŀĔœĞħƢĬŇĵĴŒĝƟŒĬĮĶŇĴŅĦȮ1ȮůȮ3 phr ŐĨƞ

ĩƟŅĞŇĚėƢŀŀĔœĞħƢĴňĕĬŅħŀĬŋĳŅėŏĸŖĔĽŅĴŅĶĩĸħĮĶŇĴŅĦĔŅĶŒĝƟŏľĸŊŀŏıňĵĚȮ/Ȯphr œħƟȮĞŉŗĚĪŜŅŒľƟœħƟĵŅĚĪňŗĴň

őĴħŌĸńĽĽŌĚĕŉŘĬ 

0,ȮĽŅĶŀŇĬĪĶňĵƢ 

ĽŅĶĔĶŃĨŋƟĬıĺĔŀŇĬĪĶňĵƢĪňŗĽŜŅėńĠȮėŊŀȮĔĶħœĕĴńĬȮŏĝƞĬȮĔĶħĽŏĨňĵĶŇĔȮ&Stearic acid'ȮĔĶħĸŀĶŇėȮ

&Lauric acid'ȮĔĶħĮŅĸƢĴĴŇĨŇĔȮ&Palmitic acid'ȮŏĮƦĬĨƟĬȮĔĶħœĕĴńĬŏĮƦĬĽŅĶĪňŗěŜŅŏĮƦĬŒĬĔŅĶŒĝƟȮĽŅĶ

ĔĶŃĨŋƟĬĽŜŅľĶńĭĽŅĶŏĶƞĚĭŅĚĨńĺȮőħĵŏĜıŅŃıĺĔœīŀŅőĞĸ 

ĔĶħœĕĴńĬĪňŗĬŇĵĴŒĝƟŏĮƦĬĽŅĶĔĶŃĨŋƟĬĴŅĔĪňŗĽŋħȮėŊŀȮĔĶħĽŏĨňĵĶŇĔȮ&Stearic acid'ȮĮĶŇĴŅĦĪňŗŒĝƟŒĬ

ĵŅĚĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚĵŅĚȮĩƟŅĵŅĚĴňĔĶħœĕĴńĬŀĵŌƞŐĸƟĺȮœĴƞěŜŅŏĮƦĬĨƟŀĚŒĽƞľĶŊŀŒĽƞŒĬĮĶŇĴŅĦĬƟŀĵȮőħĵĪńŗĺœĮ

ŒĬĔŅĶįĽĴĽŅĶŏėĴňĔńĭĵŅĚīĶĶĴĝŅĨŇĬńŘĬĴňĔŅĶįĽĴĔĶħĽŏĨňĵĶŇĔĮĶŃĴŅĦȮ1ȮůȮ3 phr ŏıŊŗŀĸħ 

ŀńĨĶŅĔŅĶȮcure ĪňŗŐĨĔĨƞŅĚĔńĬĸĚȮŐĸŃŏĮƦĬĔŅĶĮƚŀĚĔńĬĔŅĶĕŅħĔĶħœĕĴńĬĪňŗŀĵŌƞŒĬĵŅĚȮŏıĶŅŃĔŅĶĕŅħĬňŘ

ŀŅěĪŜŅŒľƟĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĨĔĨƞŅĚœĮœħƟ 
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0,1,2ȮĽŅĶĨńĺŏĨŇĴȮ&Filler'ȮY6[ 

ĽŅĶĨńĺŏĨŇĴȮ&Filler'ȮľĴŅĵĩŉĚȮĽŅĶŀŊŗĬȮŕȮĪňŗœĴƞŒĝƞĵŅĚĪňŗŒĽƞĽĚœĮŒĬĵŅĚȮŏıŊŗŀĸħĨƟĬĪŋĬŒĬĔŅĶįĸŇĨ

ľĶŊŀŏıŊŗŀĮĶńĭĮĶŋĚĽĴĭńĨŇĕŀĚĵŅĚŒľƟħňĕŉŘĬȮŏĝƞĬȮŏėĸĵƢȮıĺĔŏĕĴƞŅħŜŅȮŐėĸŏĞňĵĴėŅĶƢĭŀŏĬĨȮŐĸŃĞŇĸŇėŅȮ 

ŏĮƦĬĨƟĬ 

ĽŅĶĨńĺŏĨŇĴĪňŗŒĽƞĸĚœĮŒĬĵŅĚȮŒĽƞŏıŊŗŀĺńĨĩŋĮĶŃĽĚėƢĨƞŅĚȮŕȮħńĚĬňŘ 

/,ȮŏıŊŗŀŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇĪŅĚĲƕĽŇĔĽƢĕŀĚĵŅĚ 

0,ȮŏıŊŗŀĝƞĺĵŒĬĕĭĺĬĔŅĶįĸŇĨĪňŗĚƞŅĵĕŉŘĬ 

1,ȮŏıŊŗŀŏıŇŗĴĽĴĭńĨŇĔŅĶĬŜŅĪŅĚœĲĲƚŅ 

2,ȮŏıŊŗŀŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚŏĴĪĶŇĔĞƢ 

3,ȮĸħĔŅĶıŀĚĨńĺĕŀĚĵŅĚŒĬĬŘŜŅĴńĬ 

4,ȮŏıŊŗŀŏıŇŗĴŀŅĵŋĔŅĶŒĝƟĚŅĬĕŀĚĵŅĚ 

5,ȮŏıŊŗŀĸħĨƟĬĪŋĬĔŅĶįĸŇĨ 

ĔŅĶŐĭƞĚĝĬŇħĕŀĚĽŅĶĨńĺŏĨŇĴĨŅĴĸńĔļĦŃȮŐĭƞĚœħƟŏĮƦĬȮ1ȮĝĬŇħȮėŊŀ 

/,ȮĽŅĶĨńĺŏĨŇĴĪňŗĴňĸńĔļĦŃŏĮƦĬŏĴŖħȮ&Particulated filler'ȮœħƟŐĔƞȮŐėĸŏĞňĵĴėŅĶƢĭŀŏĬĨȮŏĕĴƞŅħŜŅȮ

ŀŀĔŅőĬŏėĸĵƢȮĞŇĸŇĔŅȮŏĮƦĬĨƟĬ 

0,ȮĽŅĶĨńĺŏĨŇĴĪňŗĴňĸńĔļĦŃŏĮƦĬŏĽƟĬŒĵȮ&Fibrous filler'ȮŏĝƞĬȮŐŀĽŏĭĽĪŀĽȮįĚŏĵŊŗŀœĴƟȮŏĮƦĬĨƟĬ 

1,ȮĽŅĶĨńĺŏĨŇĴĪňŗĴňĸńĔļĦŃŏĮƦĬŏĶĞŇĬȮ&Resinous filler'ȮŏĝƞĬȮhigh styrene resin ŐĸŃȮ

phenolicȮresin 

őħĵŒĬĚŅĬĺŇěńĵĬňŘœħƟŒĝƟĽŅĶĨńĺŏĨŇĴĪňŗĴňĸńĔļĦŃŏĮƦĬŏĴŖħȮĞŉŗĚĽŅĴŅĶĩŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚĵŅĚĪňŗ

ĬŜŅĴŅįĽĴĔńĬȮėŊŀȮŀŀĔŅőĬŏėĸĵƢ 

ĬŅőĬŏėĸĵƢȮ&Nanoclay'ȮY13[ 

ĬŅőĬŏėĸĵƢŏĮƦĬĺńĽħŋĬŅőĬĝĬŇħľĬŉŗĚĞŉŗĚŀĵŌƞŒĬĔĸŋƞĴĕŀĚŐĶƞĴŀĬĨƢĴŀĶŇĸőĸœĬĪƢȮ
&montmorillonite'ȮĞŉŗĚĴňľĸŅĵĝĬŇħȮœħƟŐĔƞȮĴŀĬĨƢĴŀĶŇĸőĬœĬĪƢȮ&montmorillonite'ȮŏĭĬőĪœĬĪƢȮ
&bentonite'ȮĸńĔļĦŃőħĵĪńŗĺœĮĕŀĚőėĶĚĽĶƟŅĚĕŀĚĬŅőĬŏėĸĵƢĮĶŃĔŀĭħƟĺĵĝńŘĬŕȮĴňĸńĔļĦŃŏĮƦĬŐįƞĬ
ĺŅĚŏĶňĵĚŒĬĸńĔļĦŃȮ281  őħĵȮŐįƞĬŐĨƞĸŃŐįƞĬĴňėĺŅĴľĬŅĮĶŃĴŅĦȮ1 ĬŅőĬŏĴĨĶȮŒĬĕĦŃĪňŗĴňĕĬŅħĕŀĚ
ıŊŘĬįŇĺĮĶŃĴŅĦȮ300+600 ĬŅőĬŏĴĨĶȮĸńĔļĦŃĪŅĚŏėĴňĕŀĚĬŅőĬŏėĸĵƢŏĮƦĬĽŅĶŒĬĔĸŋƞĴĝŀĭĬŘŜŅȮ
hydrophilic ŐĸŃĽŅĴŅĶĩĬŜŅĴŅĮĶńĭĮĶŋĚőėĶĚĽĶƟŅĚŒľƟŏĮƦĬĽŅĶȮorganophilic œħƟĞŉŗĚĪŜŅŒľƟĴňĸńĔļĦŃ
ĽĴĭńĨŇŒĔĸƟĔńĭĔŅĶŏĮƦĬĽŅĶıŀĸŇŏĴŀĶƢŀŇĬĪĶňĵƢȮ&organic polymers'ȮĬŅőĬŏėĸĵƢĪňŗĬŇĵĴŒĝƟĚŅĬĔńĬĴŅĔėŊŀȮ
ŏĭĬőĪœĬĪƢȮŏĬŊŗŀĚěŅĔĶŅėŅĩŌĔŐĸŃľŅœħƟĚƞŅĵĔĺƞŅĴŀĬĨƢĴŀĶŇĸőĸœĬĪƢ 



  26 

 
ĳŅıĪňŗȮ2,9ȮŐĽħĚőėĶĚĽĶƟŅĚĕŀĚĴŀĬĨƢĴŀĶŇĸőĸœĬĪƢȮY14[ 

ŀŀĶƢĔŅőĬŏėĸĵƢȮ&Organoclay'ȮY/3[ 
ŀŀĶƢĔŅőĬŏėĸĵƢȮ&Organoclay'ȮėŊŀȮĬŅőĬŏėĸĵƢĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚőėĶĚĽĶƟŅĚħƟĺĵĽŅĶĸħŐĶĚĨŉĚ

įŇĺȮĞŉŗĚőħĵĽƞĺĬŒľĠƞĪŜŅĔŅĶĮĶńĭĮĶŋĚħƟĺĵĔĶŃĭĺĬĔŅĶŐĸĔŏĮĸňŗĵĬĮĶŃěŋȮ&ion exchange'ȮĔńĭĽŅĶĸħŐĶĚ
ĨŉĚĪňŗĴňœŀŀŀĬĭĺĔĕŀĚŐŀĴőĴŏĬňĵĴȮ&ammonium cation'ȮŐĸŃĴňĽƞĺĬĮĶŃĔŀĭŏĮƦĬĽŅĵőĞƞĕŀĚŀńĸėŇĸĞŉŗĚ
ŀŅěŏĮƦĬȮprimary, secondary, tertiaryȮŐĸŃȮquaternary alkylammonium ľĶŊŀȮ
alkylphosphonium cation ĞŉŗĚĮĶŃěŋĭĺĔœĮŐĪĬĪňŗĮĶŃěŋĭĺĔĕŀĚőĸľŃȮ &metal cation'ȮĪňŗŀĵŌƞ
ĶŃľĺƞŅĚĝńŘĬĞŇĸŇŏĔĨĽƞĚįĸŒľƟĶŃĵŃľƞŅĚĶŃľĺƞŅĚĝńŘĬŏėĸĵƢĬńŘĬĴŅĔĕŉŘĬŐĸŃĴňĕńŘĺĪňŗĸħĸĚ 



  27 

 
ĳŅıĪňŗȮ2,10ȮĔŅĶĮĶńĭĮĶŋĚıŊŘĬįŇĺĕŀĚŏėĸĵƢħƟĺĵĽŅĶĸħŐĶĚĨŉĚįŇĺŀŇĬĪĶňĵƢȮY15[ 

 ĽŅĶĸħŐĶĚĨŉĚįŇĺĮĶŃŏĳĪŐŀĴőĴŏĬňĵĴœŀŀŀĬĪňŗĬŇĵĴĬŜŅĴŅŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚŏėĸĵƢĪňŗŒĝƟŒĬĪŅĚ
ĔŅĶėƟŅĩŌĔŐĽħĚŒĬĳŅıĪňŗȮ2,11ȮĞŉŗĚŐŀĴőĴŏĬňĵĴœŀŀŀĬȮ&N)'ȮŀŅěĮĶŃĔŀĭœĮħƟĺĵıŀĸŇŏĴŀĶƢĽŅĵőĞƞĨĶĚȮ
&aliphatic'ȮľĬŉŗĚĽŅĵőĞƞħńĚĳŅıĪňŗȮ2,11Ȯ&A'ȮŐĸŃȮ&B'ȮľĶŊŀŀŅěĮĶŃĔŀĭœĮħƟĺĵĽŅĵőĞƞĨĶĚȮ2 ĽŅĵőĞƞȮħńĚ
ĳŅıĪňŗȮ2,11Ȯ&C'ȮĬŀĔěŅĔĬňŘŒĬĨŜŅŐľĬƞĚŀŊŗĬȮŕȮĽŅĴŅĶĩŏĮĸňŗĵĬŏĮƦĬľĴŌƞŏĴĪŇĸȮ&methyl group'ȮľĶŊŀ
ľĴŌƞœŁħĶŀĔĞŇĸȮ&hydroxyl group'ȮħńĚĳŅıĪňŗȮ2,11Ȯ&A'ȮŐĸŃȮĳŅıĪňŗȮ2,11&B'ȮȮĨŅĴĸŜŅħńĭȮĞŉŗĚěŅĔĔŅĶĴň
ľĴŌƞĪńŘĚĽŀĚĬňŘŀĵŌƞŒĬőėĶĚĽĶƟŅĚȮĽƞĚįĸŒľƟĽŅĶĸħŐĶĚĨŉĚįŇĺĬńŘĬĴňėĺŅĴŏĮƦĬĕńŘĺĪňŗľĶŊŀėĺŅĴĝŀĭĬŘŜŅĬńŘĬĽŌĚĕŉŘĬȮ 

 
ĳŅıĪňŗȮ2,11ȮĸńĔļĦŃőėĶĚĽĶƟŅĚĽŅĶĸħŐĶĚĨŉĚįŇĺŀŇĬĪĶňĵƢĪňŗĬŇĵĴŒĝƟŒĬŀŀĶƢĔŅőĬŏėĸĵƢȮőħĵȮ&A'ȮĽŅĵĸħ
ŐĶĚĨŉĚįŇĺĪňŗĮĶŃĔŀĭħƟĺĵĽŅĶőĞƞĨĶĚȮ/ȮĽŅĵőĞƞŐĸŃľĴŌƞŏĴĪŇĸȮ&B'ȮĽŅĶĸħŐĶĚĨŉĚįŇĺĪňŗĮĶŃĔŀĭħƟĺĵĽŅĵőĞƞ
ĨĶĚȮ/ȮĽŅĵőĞƞȮŐĸŃľĴŌƞœŁħĶŀĔĞŇĸȮŐĸŃȮ&C'ȮĽŅĶĸħŐĶĚĨŉĚįŇĺĪňŗĮĶŃĔŀĭħƟĺĵĽŅĶőĞƞĨĶĚȮ0ȮĽŅĵőĞƞȮY/3[ 
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ĬŀĔěŅĔĬňŘőĴŏĸĔŋĸĕŀĚĽŅĶĸħŐĶĚĨŉĚįŇĺĵńĚĽŅĴŅĶĩĮĶŃĔŀĭœĮħƟĺĵĽƞĺĬĪňŗœħƟěŅĔœĕĴńĬĪŅĚ

īĶĶĴĝŅĨŇȮŏĝƞĬȮĪŅőĸĺȮ&Tallow, T'ȮľĶŊŀȮœŁőħĶěňŏĬĪȮĪŅőĸĺȮ&Hydrogenated tallow, HT'ȮĞŉŗĚŒĬ

őĴŏĸĔŋĸĮĶŃĔŀĭœĮħƟĺĵĽŅĵőĞƞĪňŗĴňėŅĶƢĭŀĬȮ/6ȮŀŃĨŀĴȮ&C+18'Ȯ/4ȮŀŃĨŀĴȮ&C+16'ȮŐĸŃȮ/2ȮŀŃĨŀĴȮ

&C+14'ȮŒĬŀńĨĶŅĽƞĺĬȮ4381.83ȮőħĵœħƟŐĽħĚĽŅĶĸħŐĶĚĨŉĚįŇĺĪňŗœħƟěŅĔœĕĴńĬĪŅĚīĶĶĴĝŅĨŇŏıŊŗŀŒĝƟĮĶńĭĮĶŋĚ

őėĶĚĽĶƟŅĚĬŅőĬŏėĸĵƢĝĬŇħĨƞŅĚȮŕȮħńĚĳŅıĪňŗȮ2,12 

 
ĳŅıĪňŗȮ2,12ȮŐĽħĚĽŅĶĸħŐĶĚĨŉĚįŇĺĪňŗœħƟěŅĔœĕĴńĬĪŅĚīĶĶĴĝŅĨŇ 
ŏıŊŗŀŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚőėĶĚĽĶƟŅĚĕŀĚĬŅőĬŏėĸĵƢĝĬŇħĨƞŅĚŕȮY/4[Ȯ 

ŒĬĮƤěěŋĭńĬĬňŘĴňŀŀĶƢĔŅőĬŏėĸĵƢĪŅĚĔŅĶėƟŅĴňĴŅĔĴŅĵľĸŅĵĝĬŇħȮĞŉŗĚėĺŅĴŐĨĔĨƞŅĚĕŀĚŀŀĶƢĔŅőĬ

ŏėĸĵƢŏľĸƞŅĬńŘĬȮĕŉŘĬŀĵŌƞĔńĭĝĬŇħľĶŊŀĸńĔļĦŃőėĶĚĽĶƟŅĚĕŀĚĽŅĶĸħŐĶĚĨŉĚįŇĺŀŇĬĪĶňĵƢĪňŗŒĝƟŒĬĔŅĶħńħŐĮĶĚȮ

ĶĺĴĪńŘĚĮĶŇĴŅĦĪňŗŒĝƟȮĸńĔļĦŃĪŅĚőėĶĚĽĶƟŅĚĕŀĚĽŅĶĸħŐĶĚĨŉĚįŇĺĪňŗŒĝƟŒĬĔŅĶħńħŐĮĶĚŏėĸĵƢŒľƟŏĮƦĬ 

ŀŀĶƢĔŅőĬŏėĸĵƢĬńŘĬȮĽƞĚįĸĽŜŅėńĠĨƞŀĽĴĭńĨŇĪŅĚĔŅĵĳŅıĕŀĚĺńĽħŋėŀĴőıĽŇĨĪňŗŒĝƟŏėĸĵƢŏĮƦĬĽƞĺĬįĽĴȮĪŜŅŒľƟ

ėĺŅĴĵŅĺĽŅĵőĞƞĕŀĚĽŅĶĸħŐĶĚĨŉĚįŇĺĴňėĺŅĴĽŜŅėńĠŀĵƞŅĚĴŅĔȮŏĬŊŗŀĚěŅĔĵŇŗĚĴňěŜŅĬĺĬŀŃĨŀĴĕŀĚ

ėŅĶƢĭŀĬěŜŅĬĺĬĴŅĔȮĪŜŅŒľƟĝńŘĬĕŀĚŏėĸĵƢĴňĶŃĵŃľƞŅĚĔńĬĴŅĔĵŇŗĚĕŉŘĬȮŐĸŃėĺŅĴŐĕŖĚŐĶĚĕŀĚıńĬīŃĶŃľĺƞŅĚ

ĝńŘĬĕŀĚŏėĸĵƢĴňėƞŅĸħĸĚȮĪŜŅŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢĽŅĴŅĶĩŐĪĶĔĨńĺŏĕƟŅœĮŒĬĝńŘĬŏėĸĵƢœħƟĚƞŅĵȮY/4[ 

0,1,3ȮĽŅĶĪŜŅŒľƟŏĔŇħĲŀĚȮ&Chemical foaming agents'ȮY/5[ 

Chemical foaming agentsȮ&CFAs'ȮľĶŊŀȮĽŅĶĪňŗĪŜŅŒľƟŏĔŇħĲŀĚȮėŊŀȮĽŅĶĮĶŃĔŀĭĪňŗ

ŏĔŇħĮĢŇĔŇĶŇĵŅŏėĴňȮŏĬŊŗŀĚěŅĔŀŇĪīŇıĸĕŀĚėĺŅĴĶƟŀĬŐĸƟĺĮĸħĮĸƞŀĵŐĔƠĽŀŀĔĴŅȮĪńŘĚĬňŘĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĔŅĶ

ĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮŀŅěŏĔŇħěŅĔĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭȮCFAs ħƟĺĵĔńĬŏŀĚľĶŊŀŀŅěŏĔŇħěŅĔĔŅĶ

ŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭĽƞĺĬĮĶŃĔŀĭŀŊŗĬȮŕ 
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CFAs ĪňŗŒĝƟĔńĬŀĵŌƞĽƞĺĬĴŅĔŀĵŌƞŒĬĶŌĮĕŀĚŐĕŖĚȮőħĵěŃŐĭƞĚȮCFAs ŏĮƦĬȮ2 ĮĶŃŏĳĪėŊŀȮ 

- Exothermic chemical foaming agentsȮŏĮƦĬȮCFAs ĪňŗėŅĵėĺŅĴĶƟŀĬĶŃľĺƞŅĚ

ĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŏėĴňȮőħĵŐĔƠĽĪňŗœħƟěŅĔĮĢŇĔŇĶŇĵŅĬňŘĽƞĺĬŒľĠƞŏĮƦĬŐĔƠĽœĬőĨĶŏěĬ 

- Endothermic chemical foaming agentsȮŏĮƦĬȮCFAs ĪňŗħŌħėĺŅĴĶƟŀĬĶŃľĺƞŅĚ

ĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŏėĴňȮőħĵŐĔƠĽĪňŗœħƟěŅĔĮĢŇĔŇĶŇĵŅĬňŘĽƞĺĬŒľĠƞŏĮƦĬŐĔƠĽ

ėŅĶƢĭŀĬœħŀŀĔœĞħƢ 

őħĵȮCFAs ĪńŘĚȮ2ȮŐĭĭĪňŗŒĝƟĔńĬĴŅĔȮĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬȮ3 ĮĶŃŏĳĪœħƟŐĔƞ 

/,ȮĽŅĶĮĶŃĔŀĭĪňŗĮĸƞŀĵŐĔƠĽŀŀĔĴŅŏĮƦĬįĸŇĨĳńĦĤƢȮŏĬŊŗŀĚěŅĔĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĔŅĶĽĸŅĵĨńĺ

ĪŅĚėĺŅĴĶƟŀĬĪňŗįńĬĔĸńĭœħƟȮCFAsȮĪňŗěńħŀĵŌƞŒĬĝĬŇħĬňŘȮœħƟŐĔƞȮĽŅĶĮĶŃĔŀĭěŜŅıĺĔȮAmmonium saltȮ

ĕŀĚȮInorganicȮŐĸŃȮOrganic acidsȮŐĸŃȮĽŅĶĮĶŃĔŀĭĕŀĚȮBicarbonatesȮŐĸŃȮCarbonatesȮĕŀĚȮ

AlkalineȮŐĸŃȮAlkaline earth metals  

 
ěŅĔĽĴĔŅĶĪňŗȮ1 GȮėŊŀȮįĸŇĨĳńĦĤƢĪňŗŏĮƦĬŐĔƠĽĪňŗŏĔŇħěŅĔĮĢŇĔŇĶŇĵŅĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮěŅĔ

ĽĴĔŅĶĮĢŇĔŇĶŇĵŅįńĬĔĸńĭœħƟĪŜŅŒľƟĮĶŇĴŅĦŐĔƠĽŒĬĶŃĭĭĸħĸĚĞŉŗĚŀŅěĽƞĚįĸŒľƟŐĶĚħńĬĳŅĵŒĬŏĞĸĸƢĕŀĚőĲ

ĴĸħĸĚĪŜŅŒľƟőĲĴŏĔŇħĔŅĶľħĨńĺ 

0,ȮĽŅĶĮĶŃĔŀĭĪňŗĮĸƞŀĵŐĔƠĽŀŀĔĴŅŏĮƦĬįĸŇĨĳńĦĤƢȮŏĬŊŗŀĚěŅĔĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĔŅĶĽĸŅĵĨńĺ

ĪŅĚėĺŅĴĶƟŀĬĪňŗįńĬĔĸńĭœĴƞœħƟȮCFAs ĪňŗěńħŀĵŌƞŒĬĝĬŇħĬňŘȮœħƟŐĔƞȮĽŅĶĮĶŃĔŀĭěŜŅıĺĔȮAromatic, 

Aliphatic+aromatic, Aliphatic+azo,ȮDiazo+amides ŐĸŃĽŅĶĮĶŃĔŀĭŀŇĬĪĶňĵƢŀŊŗĬŕȮŏĔŇħĔŅĶ

ĽĸŅĵĨńĺŏĴŊŗŀŀŋĦľĳŌĴŇĽŌĚĕŉŘĬħńĚĽĴĔŅĶĪňŗȮ0 

 
ĽƞĺĬĴŅĔŐĔƠĽĪňŗœħƟěŃŏĮƦĬȮN2, CO2ȮŐĸŃȮNH3ȮőħĵĮĢŇĔŇĶŇĵŅĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĨŅĴĽĴĔŅĶ

ĪňŗȮ2ȮĬńŘĬĴńĔŏĮƦĬĮĢŇĔŇĶŇĵŅŐĭĭȮFirst+order ŐĭĭįńĬĔĸńĭœĴƞœħƟȮ 

1,ȮCFAsȮĪňŗŀĵŌƞŒĬĶŌĮĕŀĚĕŀĚįĽĴĪňŗĮĸħĮĸƞŀĵŐĔƠĽŀŀĔĴŅŏĬŊŗŀĚěŅĔĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŏėĴň

ĶŃľĺƞŅĚŐĨƞĸŃŀĚėƢĮĶŃĔŀĭȮőħĵĮĢŇĔŇĶŇĵŅĔŅĶĮĸħĮĸƞŀĵŐĔƠĽĕŀĚĕŀĚįĽĴŐĽħĚœĺƟħńĚĽĴĔŅĶĪňŗȮ3 

 
ĨńĺŀĵƞŅĚĕŀĚȮCFAs ĝĬŇħĬňŘėŊŀĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚȮSodium nitrile ĔńĭȮAmmonium chloride 

ŐĸŃĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚȮAcid ĪńŘĚĪňŏĮƦĬȮOrganic ŏĝƞĬȮStearic ŐĸŃȮOleic ŏĮƦĬĨƟĬŐĸŃȮInorganic ŏĝƞĬȮ

ABȮ  C )ȮGȮ     &1'  
 

ABȮ  C )ȮGȮȮȮ     &2'  
 

A)BGȮ  AB )ȮGȮȮȮ     &3'  
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Hydrochloric sulphuric ŐĸŃȮOrth phosphoric ŏĮƦĬĨƟĬȮĔńĭȮCarbonates ľĶŊŀĔńĭőĸľŃľĴŌƞȮ0Ȯ

ŐĸŃȮ1ȮŒĬĨŅĶŅĚīŅĨŋȮőħĵĽĴĭńĨŇĕŀĚȮCFAs ĪňŗĬŇĵĴŒĝƟĔńĬĪńŗĺœĮœħƟŐĽħĚœĺƟħńĚĨŅĶŅĚĪňŗȮ2,5Ȯ 

ĨŅĶŅĚĪňŗȮ2,5ȮŐĽħĚĽĴĭńĨŇĕŀĚȮCFAs ĪňŗĬŇĵĴŒĝƟĔńĬĪńŗĺœĮȮY17[ 

Chemical foaming agents 
Decomposition 

range in air 
&ďA' 

Gas 
Yield 
&cm3 g+1' 

Used mainly with 

Azodicarbonamide 205+215 220 PVC,PE,PP,PS,ABS,PA 

Modified 
azodicarbonamide 

155+220 150+220 PVC,PE,PP,EVA,PS,ABS,PA 

4,4Ų+Oxybis+
&benzenesulfonyl 
hydrazide' 

150+160 125 PVC,PE,EVA 

Diphenylsulfone 
3,3Ųdisulfohydrazide 

155 110 PVC,PE,EVA 

Diphenylene oxide 
4,4Ųdisulfohydrazide 

175+180 120 PVC,PE,EVA 

Trihydrazinotriazine 275 225 PE,PP,ABS,PA 

p+Toluenesulfonyl 
semicarbazide 

228+235 140 PE,PP,PS,ABS,PA 

5+Phenyltrazole 240+250 190 ABS,PPO,PC,PA,PBTP 

Isatoic anhydride 210+225 115 PS,ABS,PA,PPO,PBTP,PC 
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őħĵŒĬĚŅĬĺŇěńĵĬňŘœħƟŏĸŊŀĔŒĝƟȮCFAs ŏĮƦĬȮSupercell+EW ĞŉŗĚŏĮƦĬĔŅĶĬŜŅ 4,4Ų+Oxybis+

&benzenesulfonyl hydrazide'ȮľĶŊŀȮOBSH ĴŅĪŜŅĔŅĶħńħŐĮĸĚőėĶĚĽĶƟŅĚĪŅĚŏėĴňȮőħĵĭĶŇļńĪȮ 

A,F,ȮSUPERCELL ĞŉŗĚěŅĔȮdata sheetȮĕŀĚȮSupercell+EW ĶŃĭŋĺƞŅȮSupercell+EW ĴňĸńĔļĦŃŏĮƦĬ

įĚĽňĕŅĺȮœĴƞŏĮƦĬıŇļȮŐĸŃœĴƞĴňĔĸŇŗĬȮŏĴŊŗŀĪŜŅĮġŇĔŇĶŇĵŅĴňĔŅĶĮĸħĮĸƞŀĵŐĔƠĽœĬőĨĶŏěĬȮ&N2'ȮŏľĴŅŃĽŜŅľĶńĭ

ĔŅĶĪŜŅȮSynthetic sponge rubber ŐĸŃȮExpanded plastics ŏĝƞĬȮEPDM, Chloroprene, EVA 

copolymer ŐĸŃȮLDPE őħĵĴňĽĴĭńĨŇĨƞŅĚȮŕȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,6Ȯ 

ĨŅĶŅĚĪňŗȮ2,6ȮŐĽħĚĽĴĭńĨŇĕŀĚĽŅĶȮCFAs &Supercell+EW'Ȯ 

Specification 
Appearance Fine, white powder 

Specific gravity 1,6 

Decomposition temperature 157 ± 3Ȯ°C 
Gas volume 128 ±  5 ml-g @STP 

Moisture 0,3#ȮMax, 

pH 7+7,5 
 

 
ĳŅıĪňŗȮ2,13ȮŐĽħĚĳŅıĕŀĚĽŅĶȮCFAs &Supercell+EW'  
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0,1,4ȮĽŅĶľĬƞĺĚĮĢŇĔŇĶŇĵŅȮ&Retarders'ȮY//[ 

ĽŅĶľĬƞĺĚĮĢŇĔŇĶŇĵŅȮ&Retarders'ȮĴňľĬƟŅĪňŗŏıŊŗŀŏıŇŗĴȮScorch timeȮ&ts2'ȮľĶŊŀȮĶŃĵŃŏĺĸŅĔƞŀĬĪňŗ

ĵŅĚŏĔŇħĔŅĶȮvulcanization ŏıŊŗŀĸħĮƤĠľŅĔŅĶĨŅĵĕŀĚĵŅĚėŀĴıŅĺħƢȮŐĸŃĽŅĴŅĶĩŏĔŖĭĵŅĚėŀĴıŅĺħƢ

œĺƟœħƟĬŅĬĕŉŘĬȮőħĵĴńĔŒĝƟĽŅĶŏėĴňĪňŗĴňķĪīŇśŏĮƦĬĔĶħȮŏĝƞĬȮPhthalic anhydrideȮŐĸŃ Benzoic acidȮŏĮƦĬ

ĨƟĬȮőħĵĽŅĶľĬƞĺĚĮġŇĔŇĶŇĵŅĪňŗĬŇĵĴŒĝƟĔńĬĪńŗĺœĮĽŅĴŅĶĩœħƟŐĽħĚœĺƟħńĚĨŅĶŅĚĪňŗȮ2,7Ȯ 

 
ĳŅıĪňŗȮ2,14ȮŐĽħĚőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĽŅĶľĬƞĺĚĮġŇĔŇĶŇĵŅȮY//[ 

ĨŅĶŅĚĪňŗȮ2,7ȮŐĽħĚĽŅĶľĬƞĺĚĮġŇĔŇĶŇĵŅĪňŗĬŇĵĴŒĝƟĔńĬĪńŗĺœĮȮ 

Retarder Chemical type Use and comment 

Retarder BA 
and BAX 

benzoic acid Weak acid, improves shelf aging, activates cure, 
and reduces compound viscosity, 

Retarder SAX salicylic acid Moderate acid, moderate retarding of thiazoles, 
promotes reversion resistance, activates cure, 

Retarder PX phthalic acid Best retarding acid with thiazoles, minimal 
effect on state+of+cure, 

Retarder AK modified phthalic 
acid 

Phthalic acid with activation added,ȮLess than 
PX but cures faster, 

Retarder SAFE sulfonamide Good retarder in most systems, strong cure 
activation, reduces reversion,ȮHigh cost, 

Retarder CTP N+&cyclohexylthio'Ȯ
phthalimide 

Outstanding retarder with most phthalimide 
systems, very effective with sulfenamides,ȮLow 
dosages are typical, 
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őħĵŒĬĚŅĬĺŇěńĵĬňŘœħƟĽĬŒěŒĝƟĽŅĶľĬƞĺĚĮġŇĔŇĶŇĵŅŏĮƦĬȮRetarder CTP ŏĮƦĬĽŅĶŏėĴňĮĶŃŏĳĪȮ 

N+&cyclohexylthio'ȮphthalimideȮĞŉŗĚŏĮƦĬĽŅĶĵńĭĵńŘĚĔŅĶŏĔŇħĺńĸėŅœĬŏĞĝńŗĬĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŌĚȮőħĵ

ĴńĔŒĝƟĔńĭĵŅĚȮNR, SBR, BR, IIR, CR, EPM, EPDMȮŐĸŃȮNBR őħĵŒĝƟĔńĭĶŃĭĭĔŅĶȮcure ĪňŗŒĝƟĞńĸŏĲŀĶƢ

ŐĸŃȮĴńĔŒĝƟĔńĭĶŃĭĭĪňŗĴňȮSulphenamideȮŏĮƦĬ Accelerator őħĵŒĝƟĮĶŇĴŅĦŏıňĵĚŏĸŖĔĬƟŀĵȮĽŅĴŅĶĩ

ĝƞĺĵŏıŇŗĴĶŃĵŃŏĺĸŅȮScorch time ŒľƟĔńĭĵŅĚŀĵƞŅĚĴŅĔȮŀňĔĪńŘĚĵńĚĽŅĴŅĶĩĝƞĺĵĮĶńĭĮĶŋĚĽĴĭńĨŇėĺŅĴ

ėĚĪĬĨƞŀĔŅĶŏĔŖĭĶńĔļŅĕŀĚĺńĽħŋĵŅĚŐĸŃĮƚŀĚĔńĬœĴƞŒľƟŏĔŇħĔŅĶĺńĸėŅœĬĞƢĨŅĴīĶĶĴĝŅĨŇŒĬĶŃľĺƞŅĚĔŅĶ

ŏĔŖĭĶńĔļŅœħƟȮőħĵĴňĽĴĭńĨŇĨƞŅĚȮŕȮħńĚĨŅĶŅĚĪňŗȮ2,8Ȯ 

ĨŅĶŅĚĪňŗȮ2,8ȮŐĽħĚĽĴĭńĨŇĨƞŅĚȮŕȮĕŀĚȮRetarder CTPȮY18[ 
Specification 

Molecular Formula C14H15NO2S 

Physical Description Dry powder 
Density 1,33 g-mL at 25 °C 

Molecular Weight 261,339 g-mol 
Boiling pointȮ&decomposes' 196Ȯ°C at 760 mm Hg 

Melting point 92,6 °C 

Solubility In water,Ȯ18 mg-L at 23 °C 
Ash content Ƒ0,10# 

Topological polar surface area 6,27 nm2 
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2,4 ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 
œħƟĴňĔŅĶĻŉĔļŅĵŅĚįĽĴĶŃľĺƞŅĚȮBR-NR ĴŅŐĸƟĺŀĵƞŅĚĔĺƟŅĚĕĺŅĚőħĵĴňĔŅĶĻŉĔļŅĽĴĭńĨŇĨƞŅĚŕȮ

ŏĝƞĬȮĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬȮėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħȮėĺŅĴĪĬĪŅĬĨƞŀŀŋĦľĳŌĴŇȮĶĺĴĩŉĚ

ĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅȮħńĚĚŅĬĺŇěńĵĨƞŅĚŕȮŏľĸƞŅĬňŘ 

C,ȮHsien+Tang ŐĸŃėĦŃȮY/7[ȮœħƟĻŉĔļŅėĺŅĴĨƟŅĬĪŅĬĔŅĶŏĽŊŗŀĴĽĳŅıĨƞŀėĺŅĴĶƟŀĬŐĸŃ

ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĵŅĚįĽĴĶŃľĺƞŅĚĵŅĚīĶĶĴĝŅĨŇȮ&NR'ȮŐĸŃĵŅĚĽńĚŏėĶŅŃľƢĭŇĺĪŅœħŀňĬȮ&BR'ȮĞŉŗĚ

ŏĮĸňŗĵĬŐĮĸĚŀńĨĶŅĽƞĺĬŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮőħĵŒĬĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸıĭĺƞŅȮtensile stress, 

tensile strain, and tear strength ĕŀĚĵŅĚīĶĶĴĝŅĨŇȮ&NR'ȮĴňėƞŅĽŌĚĔĺƞŅĵŅĚĭŇĺĪŅœħŀňĬȮ&BR'Ȯőħĵ

ıĭĺƞŅŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮNR ŒĬĔŅĶįĽĴĪŜŅŒľƟĵŅĚįĽĴĴňėƞŅȮtensile stress ŐĸŃȮtensile strain ŏıŇŗĴ

ĴŅĔĕŉŘĬĨŅĴĮĶŇĴŅĦĕŀĚȮNR ĪňŗŏıŇŗĴĕŉŘĬȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,9ȮŐĸŃŐĽħĚĔŅĶŏıŇŗĴĕŉŘĬĕŀĚėƞŅȮtear 

strength ŏĴŊŗŀĴňĮĶŇĴŅĦȮNR ŏıŇŗĴĴŅĔĕŉŘĬȮħńĚĳŅıĪňŗȮ2,15Ȯ 

ĨŅĶŅĚĪňŗȮ2,9ȮŐĽħĚĽĴĭńĨŇȮtensile stress, tensile strain ĕŀĚĵŅĚįĽĴȮNR-BRȮY19[ 

Properties 
NR-BR ratio 

0-100 20-80 40-60 60-40 80-20 100-0 

Tensile stress, MPa 13,4 14,0 15,9 18,2 19,8 22,3 

Tensile strain, # 1350 1358 1360 1380 1410 1550 

 
ĳŅıĪňŗȮ2,15ȮŐĽħĚȮtear strength ĕŀĚĵŅĚįĽĴȮNR-BRȮY19[ 
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ěŅĔĳŅıĪňŗȮ2,16ȮŏĮƦĬįĸĔŅĶĔŅĶĪħĽŀĭȮcompression set ıĭĺƞŅȮNR ĴňėƞŅĽŌĚĔĺƞŅȮBR ŐĸŃ

ėƞŅȮcompression set ĕŀĚĵŅĚįĽĴȮNR-BR ĴňėƞŅŏıŇŗĴĕŉŘĬĨŅĴĮĶŇĴŅĦĕŀĚȮNR ĪňŗŏıŇŗĴĕŉŘĬȮŐĸŃȮ

compression stiffness ĕŀĚȮNR ĴňėƞŅĨŗŜŅĔĺƞŅȮBR ĬńŗĬėŊŀȮNR ĽŅĴŅĶĩŏĽňĵĶŌĮœħƟĚƞŅĵĔĺƞŅȮBR 

ȮȮ  
ĳŅıĪňŗȮ2,16 a'ȮĔŅĶĪħĽŀĭȮcompresstion set ĪňŗŀŋĦľĳŌĴŇȮ5. °C ŏĪňĵĭĔńĭĮĶŇĴŅĦȮNR ŐĸŃȮ 

b'ȮĔŅĶĪħĽŀĭȮcompresstion stiffness ŏĪňĵĭĔńĭĮĶŇĴŅĦȮNRȮY/7[ 

ěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬĕŀĚŀŅĔŅĻıĭĺƞŅȮNR ĴňĔŅĶĞŉĴįƞŅĬĕŀĚŀŅĔŅĻĨŗŜŅĔĺƞŅȮBR 

ŐĸŃĽŜŅľĶńĭĵŅĚįĽĴȮNR-BR ĴňĔŅĶĞŉĴįƞŅĬĕŀĚŀŅĔŅĻĬƟŀĵĴŅĔȮŐĸŃĴňėƞŅĸħĸĚŏĴŊŗŀĮĶŇĴŅĦȮNR ŏıŇŗĴ

ĴŅĔĕŉŘĬȮŐĽħĚįĸĔŅĶĪħĸŀĚħńĚĨŅĶŅĚĪňŗȮ2,10Ȯ 

ĨŅĶŅĚĪňŗȮ2,10ȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĞŉĴįƞŅĬĕŀĚŀŅĔŅĻȮY/7[ 

Testing item 
NR-BR ratio 

0-100 20-80 40-60 60-40 80-20 100-0 

Measured value, cm3Ȯ 
24 h atm 

414,46 383,77 370,44 358,03 343,70 271,60 

Unit thickness permeability,  
cm3 mm-m2 24 h atm 

825,11 785,33 717,01 598,04 590,74 450,85 

Gas permeability coeff,, cm3 
cm-cm2 s cm hg 

1,25  
× 10+9 

1,19  
× 10+9 

1,09  
× 10+9 

9,09  
× 10+10 

8,98  
× 10+10 

6,85  
× 10+10 

 

  

a' b' 
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ŐĸŃěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸľĸńĚĔŅĶĪŜŅȮaging ĪňŗŀŋĦľĳŌĴŇȮ5. °C ĬŅĬȮ1.ȮĺńĬŐĽħĚħńĚ

ĨŅĶŅĚĪňŗȮ2,17ȮıĭĺƞŅľĸńĚĔŅĶĪŜŅȮaging ĕŀĚĵŅĚįĽĴȮNR-BR tensile stress ŐĸŃȮstrain ĴňėƞŅĸħĸĚȮ

ŐĸŃıĭĺƞŅȮstress loss ĕŀĚȮBR ĴňėƞŅĨŗŜŅĔĺƞŅȮNR ĔĸƞŅĺėŊŀȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶ

ŏĽŊŗŀĴĽĳŅıĨƞŀŀŋĦľĳŌĴŇĕŀĚȮBR ĽŌĚĔĺƞŅȮNR  

Ȯ  

 
ĳŅıĪňŗȮ2,17ȮĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĵŅĚįĽĴȮNR-BR ľĸńĚĪŜŅȮaging ĪňŗŀŋĦľĳŌĴŇȮ5. °CȮŏĺĸŅȮ1.ȮĺńĬȮY/7[ 

N,ȮChangwoon ŐĸŃėĦŃȮY20[ȮœħƟĻŉĔļŅėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶȮcut ŐĸŃȮchip ĕŀĚĵŅĚįĽĴȮ

NR-BRȮőħĵœħƟĪŜŅĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĻŉĔļŅėĺŅĴŐĕŖĚȮ&Hardness, HD'ȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĶńĭ

ŐĶĚŏĴŊŗŀĩŌĔħŉĚĵŊħœħƟȮ1..Ȯ#Ȯ&stress 1..ȮatȮ#Ȯelongation, s1..'ȮŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĶńĭŐĶĚ

ŏĴŊŗŀĩŌĔħŉĚĵŊħěĬĕŅħȮ&stress at elongation at break, sb'ȮıĭĺƞŅȮĪńŘĚėƞŅȮHD, s1..ȮŐĸŃȮsbȮĕŀĚȮ

NR ĽŌĚĔĺƞŅĕŀĚȮBR ŐĸŃŒĬĵŅĚįĽĴȮNR-BR ŏĴŊŗŀĮĶŇĴŅĦȮBR ŏıŇŗĴĕŉŘĬĪŜŅŒľƟȮHD, s1..ȮŐĸŃsbȮĕŀĚ

ĵŅĚįĽĴȮNR-BR ĴňėƞŅĸħĸĚŐĽħĚįĸĔŅĶĪħĸŀĚħńĚĳŅıĪňŗȮ2,18 

a' b' 

c' d' 
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ĳŅıĪňŗȮ2,18ȮįĸĔŅĶĪħĽŀĭȮ&A'ȮėĺŅĴŐĕŖĚȮ&B'ȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĶńĭŐĶĚŏĴŊŗŀĩŌĔħŉĚĵŊħœħƟȮ1..Ȯ#ȮȮ 

&C'ȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĶńĭŐĶĚŏĴŊŗŀĩŌĔħŉĚĵŊħěĬĕŅħĕŀĚĵŅĚįĽĴȮNR-BRȮY20[ 

ĳŅıĪňŗȮ2,19&a'ȮŐĽħĚėĺŅĴĽńĴıńĬīƢŀńĨĶŅĔŅĶȮcut and chip &Rcc'ȮĔńĭĮĶŇĴŅĦȮBR ĞŉŗĚıĭĺƞŅ

ŒĬĵŅĚįĽĴȮNR-BR ŏĴŊŗŀĮĶŇĴŅĦȮBR ŏıŇŗĴĕŉŘĬȮėƞŅȮRccȮĴňėƞŅĸħĸĚȮőħĵľŅĔėƞŅȮRccȮĴŅĔŐĽħĚĺƞŅĺńĽħŋĴň

ėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶȮcut and chip ĬƟŀĵȮĬńŘĬėŊŀȮBR ĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶȮcut and chip ĪňŗħňĔĺƞŅȮ

NR ŐĸŃȮįĸěŅĔĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔĶŃŏħƟĚĔĸńĭŐĽħĚȮħńĚĳŅıĪňŗȮ2,19&b'ȮıĭĺƞŅŒĬĵŅĚ

įĽĴȮNR-BR ŏĴŊŗŀĮĶŇĴŅĦōȮBR ŏıŇŗĴĕŉŘĬėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔĶŃŏħƟĚĔĸńĭĕŀĚĵŅĚįĽĴĴňėƞŅŏıŇŗĴĕŉŘĬ 

 
ĳŅıĪňŗȮ2,19Ȯ&a'ȮŀńĨĶŅĔŅĶȮcut and chip &b'ȮĽĴĭńĨŇĔŅĶĔĶŃŏħƟĚĔĸńĭĕŀĚĵŅĚįĽĴȮNR-BRȮY20[ 

a' b' 
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őħĵěŅĔįĸĔŅĶĻŉĔļŅĕŀĚĪńŘĚȮ0ȮĚŅĬĺŇěńĵħńĚĔĸƞŅĺĴŅĬňŘŏĮƦĬĔŅĶĪħĽŀĭĽĴĭńĨŇĕŀĚĵŅĚįĽĴ

ĶŃľĺƞŅĚȮBR-NR őħĵıĭĺƞŅĵŅĚįĽĴȮBR-NRȮĴňĽĴĭńĨŇĔŅĶħŉĚĵŊħȮėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĔħŀńħȮŐĸŃĽĴĭńĨŇ

ĔŅĶĨƟŅĬĪŅĬĔŅĶĞŉĴįƞŅĬĕŀĚŀŅĔŅĻȮĕŀĚĵŅĚįĽĴȮBR-NR ŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦȮNR ŒĬĶŃĭĭŏıŇŗĴĕŉŘĬȮ

őħĵȮBR ĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶŏĽňĵĶŌĮħƟĺĵŐĶĚĔħȮŐĸŃėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶŏĽŊŗŀĴĽĳŅıŏĬŊŗŀĚěŅĔ

ŀŋĦľĳŌĴŇĪňŗħňĔĺƞŅȮNR ŀňĔĪńŘĚĵŅĚȮBR ĴňĽĴĭńĨŇĔŅĶȮcut and chip &ėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĕńħĩŌ'ȮĪňŗħňĔĺƞŅ

ĵŅĚȮNR 

ŀňĔĪńŘĚœħƟĴňĔŅĶĻŉĔļŅĽĴĭńĨŇĕŀĚĵŅĚįĽĴĪňŗĪŜŅĔŅĶįĽĴĔńĭĵŅĚȮNBRȮœĺƟĴŅĔĴŅĵȮőħĵĵŅĚȮNBR 

œħƟĶńĭėĺŅĴĽĬŒěŒĬĔŅĶĬŜŅĴŅĻŉĔļŅŀĵƞŅĚŐıĶƞľĸŅĵȮŏĬŊŗŀĚěŅĔŏĮƦĬĵŅĚĪňŗĴňĕńŘĺĪŜŅŒľƟĽŅĴŅĶĩĬŜŅœĮŒĝƟĚŅĬ

ĔńĭĚŅĬĪňŗĨƟŀĚĴňĔŅĶĽńĴįńĽĬŘŜŅĴńĬœħƟȮőħĵĴňĚŅĬĺŇěńĵĪňŗĬƞŅĽĬŒěħńĚĬňŘ 

Habeeb Rahiman K Y21[ȮŐĸŃėĦŃȮœħƟĻŉĔļŅŀŇĪīŇıĸĕŀĚĶŃĭĭĔŅĶȮcuring ŐĸŃĽĴĭńĨŇ

ŏĝŇĚĔĸĕŀĚĵŅĚįĽĴĶŃľĺƞŅĚĵŅĚĽœĨĶňĬĭŇĺĪŅœħŀňĬȮ&SBR'ȮŐĸŃĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬȮ&NBR'Ȯ

őħĵŒĝƟĶŃĭĭĔŅĶȮcure 1ȮĶŃĭĭȮėŊŀȮsulphur pure &S', DCP &P'ȮŐĸŃĶŃĭĭįĽĴĶŃľĺƞŅĚȮSulphur 

ŐĸŃȮDCP &M'ȮıĭĺƞŅȮcure time ŐĸŃȮscorch time ŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦȮSBR ŏıŇŗĴĕŉŘĬȮőħĵŏĴŊŗŀ

ŏĮĶňĵĭŏĪňĵĭĶŃĭĭȮvulcanizing ĶŃľĺƞŅĚȮĶŃĭĭĪňŗŒĝƟȮSulphur ŐĸŃȮŒĝƟȮDCP ıĭĺƞŅĶŃĭĭĪňŗŒĝƟȮ

sulphur ŏĮƦĬĽŅĶĺńĸėŅœĬĞƢĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňĔĺƞŅĶŃĭĭŀŊŗĬȮŐĸŃȮtensile strength ĽŌĚĽŋħĪňŗȮSBR 4.Ȯ

#wt ŐĸŃėƞŅȮelongation at break ĴňėƞŅĴŅĔĽŋħĪňŗȮSBR 2.Ȯ#wt ŐĽħĚįĸĔŅĶĪħĸŀĚħńĚĳŅıĪňŗȮ2,20Ȯ 

ȮȮ  
ĳŅıĪňŗȮ2,20ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĵŅĚįĽĴȮSBR-NBR Y21[ 

S,ȮThanawan ŐĸŃėĦŃȮY00[ȮœħƟĪŜŅĔŅĶĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅĕŀĚĔŅĶŏĔŇħȮphase 

shift ħƟĺĵŏĪėĬŇėȮatomic force microscopic &AFM'ȮĕŀĚĲƕĸƢĴĵŅĚįĽĴȮNR-NBR őħĵŒĝƟŏĪėĬŇėĔŅĶ
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įĽĴŏĮƦĬĽŅĶĸŃĸŅĵȮ&ŒĝƟȮbenzene ŏĮƦĬĨńĺĪŜŅĸŃĸŅĵ'ȮŐĸŃŏĮĸňŗĵĬŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮėŊŀȮNR-NBR 

ŏĮƦĬȮ/-1Ȯ/-/ȮŐĸŃȮ1-/ȮőħĵĬŘŜŅľĬńĔȮĞŉŗĚěŅĔĔŅĶĻŉĔļŅħƟĺĵŏĪėĬŇėȮAFM ěŅĔĳŅıĪňŗȮ2,21ȮıĭĺƞŅȮ

phase ĕŀĚĵŅĚŐĵĔŀŀĔŀĵƞŅĚĝńħŏěĬȮĞŉŗĚĔŅĶŏĔŇħȮphase shift ĕŀĚȮNR ŏĔŇħĴŅĔĔĺƞŅĕŀĚȮNBR ŒĬ

ĪŋĔŕŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮĵŇŗĚœĮĔĺƞŅĬńŘĬěŅĔįĸĔŅĶĪħĽŀĭȮForceůdistance curve &FDC'ȮĞŉŗĚĽŅĴŅĶĩ

ŒĝƟĭŀĔȮadhesive force interaction ĕŀĚĵŅĚįĽĴœħƟȮőħĵıĭĺƞŅȮadhesive force ĕŀĚȮNR ĽŌĚĔĺƞŅȮ

NBRȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,11Ȯ 

ĨŅĶŅĚĪňŗȮ2,11ȮŐĽħĚ adhesive force interaction ĕŀĚĵŅĚįĽĴ NR-NBRȮY00[ 

Surface Relative surface stiffness Adhesive force &nN' 
Si wafer 1,00 3 

NBR 0,76 66 

NR 0,60 154 

 
ĳŅıĪňŗȮ2,21ȮĔŅĶŏĔŇħȮPhase shift ĕŀĚĵŅĚįĽĴȮNR-NBR &a'Ȯ/-1ȮŐĸŃȮ&b'Ȯ/-/ȮőħĵĬŘŜŅľĬńĔȮY00[ 
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ŏĬŊŗŀĚěŅĔĔŅĶĻŉĔļŅĵŅĚįĽĴĽŇŗĚĪňŗĨƟŀĚėŜŅĬŉĚĩŉĚĴŅĔĪňŗĽŋħėŊŀȮėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚĵŅĚįĽĴȮĞŉŗĚĴň

ĮƤěěńĵĪňŗĽƞĚįĽĸĨƞŀėĺŅĴŏĕƟŅĔńĬœħƟŀĵŌƞĴŅĔĴŅĵȮŏĝƞĬȮėĺŅĴŏĮƦĬĕńŘĺȮėĺŅĴľĬŊħȮŏĮƦĬĨƟĬȮőħĵĴňĚŅĬĺŇěńĵ

ĴŅĔĴŅĵĪňŗĨƟĚĔŅĶŏıŇŗĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĕƟŅĔńĬœħƟĕŀĚĵŅĚŒľƟŏıŇŗĴĕŉŘĬȮőħĵĪŅĚŏĸŊŀĔľĬŉŗĚĪňŗĬŇĵĴŒĝƟĔńĬ

ĴŅĔėŊŀȮĔŅĶįĽĴȮOrganoclay ĸĚŒĬĵŅĚįĽĴȮŏıŊŗŀŒľƟŏĔŇħĔŅĶŐĪĶĔĽŀħĕŀĚĵŅĚŏĕƟŅœĮĶŃľĺƞŅĚĝńŘĬĕŀĚ

ŏėĸĵƢȮĞŉŗĚĪŜŅŒľƟĸħėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚȮPhase ĸĚœħƟȮőħĵĴňĚŅĬĺŇěńĵĪňŗĬƞŅĽĬŒěħńĚĬňŘ 

P,ȮL,ȮTeh ŐĸŃėĦŃȮY23[ȮœħƟĻŉĔļŅĔŅĶŒĝƟȮEpoxidized natural rubber &ENR'ȮŏıŊŗŀŒĝƟŏĮƦĬ

ĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚĵŅĚīĶĶĴĝŅĨŇŐĸŃĽŅĶŏĨŇĴŐĨƞĚĝĬŇħĨƞŅĚŕȮőħĵŒĝƟĽŅĶŏĨŇĴŐĨƞĚȮ1ȮĝĬŇħėŊŀȮ

Organo+clay, Carbon Black ŐĸŃȮSilica őħĵŒľƟĵŅĚīĶĶĴĝŅĨŇŏĮƦĬȮmatrix ľĸńĔȮŏĨŇĴȮENR /. phr 

ŐĸŃįĽĴĽŅĶŏĨŇĴŐĨƞĚȮ1ȮĽŌĨĶȮėŊŀȮOrgano+clay 0 phr,  Carbon Black 3.Ȯphr ŐĸŃȮSilicaȮ3. phr 

őħĵěŅĔĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĝŇŘĬĚŅĬĪňŗįƞŅĬĔŅĶħŉĚĵŊħȮěŅĔĳŅıĪňŗȮ2,22ȮıĭĺƞŅ

ĽŅĶŏĨŇĴŐĨƞĚĔĶŃěŅĵĨńĺœħƟħňŒĬŏĬŊŘŀĵŅĚīĶĶĴĝŅĨŇȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶĴňȮfillerůrubber matrix 

interaction ĪňŗħňŒĬĪŋĔĔŅĶįĽĴȮŐĸŃěŅĔĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸıĭĺƞŅȮNR ĪňŗįĽĴȮorganoclayȮĴňėƞŅȮ

tensile strength ŐĸŃȮtear strength ĕŀĚĵŅĚĴŅĔĪňŗĽŋħȮŐĽħĚħńĚĳŅıĪňŗȮ2,23Ȯ 

 
ĳŅıĪňŗȮ2,22ȮĳŅıȮSEM ĕŀĚĝŇŘĬĚŅĬľĸńĚĩŌĔħŉĚĵŊħȮ&a'ȮNR &b'ȮNR-organoclay  

&c'ȮNR-silica &d'ȮNR-CB Y23[ 

a' b' 
 

c' d' 
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Ȯ ȮȮȮ  

 
ĳŅıĪňŗȮ2,23ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĵŅĚīĶĶĴĝŅĨŇĪňŗįĽĴĽŅĶŏĨŇĴŐĨƞĚĝĬŇħĨƞŅĚŕȮY01[ 

S,ȮTolooei ŐĸŃėĦŃȮY24[ȮœħƟĪŜŅĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃĽńĦģŅĬĺŇĪĵŅĕŀĚĵŅĚįĽĴȮ

NBR-BR ĪňŗįĽĴĽŅĶŏĨŇĴŐĨƞĚȮnanoclay őħĵŒĝƟȮNBR-BR ŏĮƦĬȮ3.-3.ȮŐĸŃŒĝƟȮnanoclay 0ȮĝĬŇħėŊŀȮ

cloisite /3A ŐĸŃȮcloisite 1.B őħĵįĽĴȮNanoclay ĪńŘĚȮ0ȮĝĬŇħŏĕƟŅħƟĺĵĔńĬħƟĺĵŀńĨĶŅĽƞĺĬȮ3.-3.Ȯ

ŐĸŃįĽĴŒĬĵŅĚįĽĴĪňŗŀńĨĶŅĽƞĺĬȮ.Ȯ1Ȯ3Ȯ5ȮŐĸŃȮ/. phr ĞŉŗĚœħƟįĸĔŅĶĻŉĔļŅĔŅĶȮcure ħńĚĨŅĶŅĚĪňŗȮ2,12 

ıĭĺƞŅŏĴŊŗŀŏĨŇĴȮclay ĸĚŒĬĵŅĚįĽĴȮNBR-BR ėƞŅȮscorch time ŐĸŃȮcure time ĸħĸĚȮŐĸŃěŅĔĔŅĶ

ĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞńĭĬŘŜŅĴńĬŐĽħĚħńĚĳŅıĪňŗȮ2,24ȮıĭĺƞŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞńĭĬŘŜŅĴńĬ

ĸħĸĚŏĴŊŗŀĮĶŇĴŅĦȮclay ŒĬĵŅĚįĽĴŏıŇŗĴĕŉŘĬ 
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ĨŅĶŅĚĪňŗȮ2,12ȮŐĽħĚĔŅĶĻŉĔļŅĔŅĶȮcuring ĕŀĚĵŅĚįĽĴȮNBR-BR ĪňŗŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮY02[ 

Sample Code ts t90 MH+ML Gel content 
&#' min 8Ȯsec min 8Ȯsec N,m @ 160°C 

NB50 12831 4825 5,6±0,3 83,3 

NB50C3 11842 3858 6,6±0,1 86,2 

NB50C5 10811 3810 7,1±0,1 89,8 

NB50C7 10856 3843 7,8±0,2 88,1 

NB50C10 11817 3855 7,2±0,1 88,6 

 
ĳŅıĪňŗȮ2,24ȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞńĭĬŘŜŅĴńĬĕŀĚĵŅĚįĽĴȮNBR-BR ĪňŗŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮY24[ 

 
ĳŅıĪňŗȮ2,25ȮŐĽħĚĔŅĶĻŉĔļŅ DMTA ĕŀĚȮ&A'ȮtandȮŐĸŃȮ&B'Ȯstorage modulus  
ŏĪňĵĭĔńĭŀŋĦľĳŌĴŇĕŀĚĵŅĚįĽĴȮNBR-BRȮĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĪňŗȮ1ȮŐĸŃȮ/.ȮphrȮY02[  
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ĨŅĶŅĚĪňŗȮ2,13ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĵŅĚįĽĴȮNBR-BR ĪňŗŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮY02[ 

Property NB50 NB50C3 NB50C5 NB50C7 NB50C10 

Tensile strength, MPa 
2,28  

± 0,06 
4,05 
Ȯ± 0,08 

4,82  
± 0,08 

6,10  
± 0,07 

5,78  
± 0,06 

Modulus 100#,ȮMPa 
1,14  

± 0,02 
1,24  

± 0,01 
1,48  

± 0,01 
1,51  

± 0,01 
1,74  

± 0,02 

Elongation at break,# 315 ± 4 291 ± 4 303 ± 4 352 ± 5 355 ± 5 

Hardness 
52,31  
± 1,04 

53,42  
± 0,78 

54,55  
± 1,14 

56,35  
± 1,64 

57,11  
± 1,52 

Abrasion, #wt 
16,23  
± 0,66 

9,75  
± 0,92 

9,10  
± 1,01 

8,50  
± 1,32 

7,44  
± 1,05 

Compression set, # 
57,59  
± 0,13 

55,62  
± 0,10 

52,09  
± 0,08 

51,76  
± 0,06 

48,41  
± 0,08 

Compression strength, MPa 
1,05  

± 0,03 
1,15  

± 0,02 
1,21  

± 0,01 
1,28  

± 0,02 
1,84  

± 0,0,2 

ěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,13ȮıĭĺƞŅŏĴŊŗŀȮclay ĴŅĔĔĺƞŅȮ5 phr ĽƞĚįĸŒľƟ

ėƞŅȮtensile strength ŐĸŃȮelongation at break ĕŀĚĵŅĚįĽĴŏıŇŗĴĕŉŘĬȮŐĸŃŏĴŊŗŀȮclayȮŏıŇŗĴĕŉŘĬĽƞĚįĸ

ŒľƟĵŅĚįĽĴĴňȮabrasion resistance ĪňŗħňĕŉŘĬȮŐĸŃěŅĔįĸĔŅĶĪħĽŀĭȮDMTA ŐĽħĚħńĚĳŅıĪňŗȮ2,25Ȯ

ıĭĺƞŅŏĴŊŗŀŏĨŇĴȮclay ĸĚŒĬĵŅĚįĽĴȮĪŜŅŒľƟŀŋĦľĳŌĴŇȮglass transition &Tg'ȮĕŀĚĵŅĚįĽĴŏıŇŗĴĕŉŘĬȮŐĸŃėƞŅȮ

storage modulus ĴňėƞŅŏıŇŗĴĕŉŘĬ 

ŒĬĮƤěěŋĭńĬĴňėĺŅĴĽĬŒěŒĬĺńĽħŋĪňŗĴňĶŌıĶŋĬŏĮƦĬŀĵƞŅĚĴŅĔȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚėŊŀȮőĲĴĵŅĚȮĞŉŗĚĴň

ĽĴĭńĨŇŏľĴŅŃĔńĭĔŅĶŒĝƟĚŅĬĴŅĔĴŅĵȮŏĬŊŗŀĚěŅĔőĲĴĵŅĚĵńĚėĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħľĵŋƞĬĕŀĚĵŅĚȮŀňĔ

ĪńŘĚŏĴŊŗŀĬŜŅĴŅĪŜŅőĲĴȮĪŜŅŒľƟėĺŅĴľĬŅŐĬƞĬĸħĸĚŀĵƞŅĚĴŅĔȮĞŉŗĚĪŜŅŒľƟĴňĬŘŜŅľĬńĔŏĭŅȮŐĸŃĴňĨƟĬĪŋĬŒĬĔŅĶ

įĸŇĨĸħĸĚȮőħĵĴňĚŅĬĺŇěńĵĪňŗĬƞŅĽĬŒěħńĚĬňŘ 

N,N,ȮNajib ŐĸŃėĦŃȮY25[ȮœħƟĪŜŅĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞńĭŏĽňĵĚȮ&acoustic 

absorbsion'ȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸıĸĺńĨȮ&dynamic mechanical'ȮĕŀĚȮNR foams ŏıŊŗŀĬŜŅĴŅŒĝƟŏĮƦĬ

ĺńĽħŋȮsuperior sound+absorbing ŐĸŃĺńĽħŋȮsound+insulation ĞŉŗĚĽĴĭńĨŇħńĚĔĸƞŅĺĕŉŘĬŀĵŌƞĔńĭȮaverage 

cell size, relative density, crosslink density ŐĸŃȮnumber of cells per unit volume ĕŀĚȮ
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NR foam őħĵĪŜŅĔŅĶįĽĴŒĬĶŃĭĭȮEV system ŐĸŃĴňĔŅĶŏĮĶňĵĭŏĪňĵĭŀŋĦľĳŌĴŇĪňŗŒĝƟŒĬĔŅĶȮcuring 

ŐĸŃȮfoaming ŒĬȮair+circulating oven 1ȮŀŋĦľĳŌĴŇȮœħƟŐĔƞȮ/2.Ȯ/3.ȮŐĸŃȮ/4. °C  

 
ĳŅıĪňŗȮ2,26ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚȮsound absorption coefficient ĔńĭėĺŅĴĩňŗȮY25[ 

ěŅĔĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞńĭŏĽňĵĚĕŀĚȮNR foam ŐĽħĚħńĚĳŅıĪňŗȮ2,26ȮıĭĺƞŅȮ

NR Foam ĪňŗįƞŅĬĔŅĶȮcuring ŐĸŃȮfoaming ĪňŗŀŋĦľĳŌĴŇȮ/2. °C ıĭĺƞŅĴňȮpeak ĕŀĚȮsound 

absorption ĪňŗĽŌĚĪňŗĽŋħȮŐĸŃŏĴŊŗŀŀŋĦľĳŌĴŇŏıŇŗĴĕŉŘĬıĭĔŅĶȮpeak shift œĮĪŅĚĪňŗėĺŅĴĩňŗĨŗŜŅĸĚŐĸŃĴňėƞŅȮ

sound absorption coefficient ĸħĸĚȮĞŉŗĚĝƞĺĚĕŀĚėĺŅĴĩňŗĪňŗıĭĽŅĴŅĶĩĭŀĔœħƟĺƞŅĺńĽħŋĬňŘŏĮƦĬĺńĽħŋĪňŗŒĝƟ

ŏĮƦĬĺńĽħŋȮsound+absorbing œħƟȮ 

ĵŇŗĚœĮĔĺƞŅĬńŘĬȮNR foam ĵńĚŐĽħĚėĺŅĴŏĮƦĬȮsuperior absorption capabilities ĪňŗėĺŅĴĩňŗĨŗŜŅȮ

&/*...+0*... Hz'ȮŐĸŃĪňŗėĺŅĴĩňŗĽŌĚĴňȮabsorption capabilities ĪňŗĽŌĚĽŋħĮĶŃĴŅĦȮ61Ȯ#Ȯ&3*3..+

4*2.. Hz'ȮĞŉŗĚȮstructural properties ĕŀĚȮNR foamȮĨƞŅĚĔńĬŏĴŊŗŀĕŉŘĬĶŌĮĪňŗŀŋĦľĳŌĴŇĨƞŅĚĔńĬȮőħĵȮ

structural properties ŏĮƦĬĨńĺėĺĭėŋĴȮcell size, relative density ŐĸŃȮcrosslink density ĞŉŗĚĔŅĶ

ĕŉŘĬĶŌĮĪňŗŀŋĦľĳŌĴŇĽŌĚĔĺƞŅĪŜŅŒľƟŏĔŇħėĺŅĴħńĬěŅĔĔƠŅĞȮcarbon dioxide ĽŌĚĔĺƞŅĽƞĚįĸŒľƟįĬńĚŏĞĸĸƢŏĔŇħĔŅĶ

ĕĵŅĵĨńĺĴŅĔĔĺƞŅȮěŉĚœħƟȮcell size ĪňŗĴňĕĬŅħŒľĠƞȮĞŉŗĚĪŜŅŒľƟȮfoam ĴňȮrelative density ĬƟŀĵĔĺƞŅȮėŊŀĴňȮ

solid phase ĸħĸĚȮŐĸŃĴňȮcrosslinking ĬƟŀĵȮőħĵœħƟŐĽħĚĽĴĭńĨŇĨƞŅĚŕȮħńĚĨŅĶŅĚĪňŗȮ2,14 
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ȮȮȮȮȮȮĨŅĶŅĚĪňŗȮ2,14ȮŐĽħĚįĸĕŀĚŀŋĦľĳŌĴŇĪňŗĴňŀŇĪīŇıĸĨƞŀőėĶĚĽĶƟŅĚĕŀĚȮNR foamȮY25[ 

 NR 140 NR 150 NR 160 

Relative density 0,3635 0,2738 0,2614 

Crosslink density 
ȮȮȮȮȮ&Ȯx 10+5, mol cm+3' 

7,35 6,69 5,92 

Average cell size &mm' 0,81 ± 0,212 1,06 ± 0,281 1,34 ± 0,366 

Number of cell per unit volume 
ȮȮȮȮȮ&Ȯx 103, cm+3' 

3,27 2,86 1,60 

Expansion ratio 2,751 3,652 3,825 

ŒĬĳŅıĪňŗȮ2,27ȮŐĽħĚĔŅĶŏĮĸňŗĵĬŐĮĸĚȮmorphology ŐĸŃȮcell+size distributions ıĭĺƞŅ

ĔĶŅĲĞŉŗĚŐĽħĚȮcell+size distribution ŏĭƟœĮĪŅĚĪňŗĴňȮcell size ĕĬŅħŒľĠƞĔĺƞŅȮŏĬŊŗŀĚěŅĔŀŋĦľĳŌĴŇĪňŗŒĝƟ

ŒĬĔŅĶĕŉŘĬĶŌĮĪňŗŏıŇŗĴĕŉŘĬȮĪŜŅŒľƟĔŅĶĔĶŃěŅĵĨńĺĕŀĚȮcell+size distributions ŏĮƦĬĝƞĺĚĔĺƟŅĚȮŐĸŃěŅĔ

ĸńĔļĦŃėĺŅĴőėƟĚĴĬľĶŊŀėĺŅĴŐľĸĴĕŀĚĔĶŅĲȮŐĽħĚŒľƟŏľŖĬĺƞŅȮNR /2.ȮĴňėĺŅĴŏĮƦĬȮcell+size 

homogeneity ĪňŗħňĔĺƞŅȮNR /3.ȮŐĸŃȮNR /4. 

Ȯ  
ĳŅıĪňŗȮ2,27ȮŐĽħĚȮMorphology ŐĸŃȮcell+size distribution ĕŀĚȮNR foamȮ 

&A'ȮNR /2., &B'ȮNR /3., ŐĸŃȮ&C'ȮNR /4.ȮY25[ 
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X,ȮWang ŐĸŃėĦŃȮY04[ȮœħƟĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦĔŅĶȮprecure ĪňŗĽƞĚįĸĨƞŀĽńĦģŅĬĺŇĪĵŅȮ

ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮŐĸŃĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴȮNR-SBR-BR ŒĬĚŅĬĺŇěńĵĬňŘŒľƟȮBR ŏĮƦĬŏĲĽľĸńĔȮ

&BR-NR-SBR 8Ȯ5.-/3-/3'ȮŐĸŃŒĝƟȮOxybis &benzene sulfonyl'Ȯhydrazide &OBSH'ȮŏĮƦĬȮ

chemical blowing agents őħĵŒĝƟĮĶŇĴŅĦŒĬĔŅĶȮprecure ėŊŀȮ.Ȯ0.Ȯ1.Ȯ2.Ȯ3.Ȯ4.Ȯ5.Ȯ#ȮőħĵĔŅĶȮ

precure ĬńŘĬĪŜŅŒľƟőėĶĚĽĶƟŅĚĨƞŅĚŕȮĕŀĚőĲĴȮNR-SBR-BR ħňĕŉŘĬȮ&cell size, cell size distribution, 

cell wall thickness, cell density, crosslinking density'ȮĶĺĴĪńŘĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮŐĸŃĽĴĭńĨŇ

ŏĝŇĚĔĸħƟĺĵȮěŅĔĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴȮNR-SBR-BR őħĵĳŅıȮSEM ŐĽħĚħńĚĳŅıĪňŗȮ2,06Ȯ

ıĭĺƞŅĪňŗĮĶŇĴŅĦȮprecure 1.#ȮĴňěŜŅĬĺĬĕŀĚŏĞĸĸƢȮ&number of cell'ȮĪňŗľĬŅŐĬƞĬĔĺƞŅĔŅĶȮprecure 

ĪňŗĮĶŇĴŅĦŀŊŗĬŕȮĞŉŗĚĮĶŇĴŅĦĔŅĶȮprecure ĪňŗĴŅĔĕŉŘĬĪŜŅŒľƟĕĬŅħĕŀĚȮcell ŏĜĸňŗĵȮ&average cell size'Ȯ

ĸħĸĚȮŐĸŃėĺŅĴľĬŅĕŀĚįĬńĚŏĞĸĸƢȮ&cell wall thickness'ȮěŃĭŅĚĸĚȮĶĺĴĪńŘĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŏĞĸĸƢȮ

&cell distribution'ȮĔĺƟŅĚĕŉŘĬȮ 

 
ĳŅıĪňŗȮ2,06ȮĳŅıĩƞŅĵȮSEM ĕŀĚőĲĴȮBR-SBR-NR ĞŉŗĚĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĮĶŇĴŅĦĔŅĶȮprecure8Ȯ 
&a'Ȯ.#, &b'Ȯ0.#, &c'Ȯ1.#, &d'Ȯ2.#, &e'Ȯ3.#, &f'Ȯ4.#ȮŐĸŃȮ&g'Ȯ5.#,ȮY04[ 

ěŅĔĔŅĶĻŉĔļŅȮcrosslink density ħƟĺĵŏĪėĬŇėȮequilibrium swelling ıĭĺƞŅȮcrosslinking 

density ĕŀĚȮBR-NR-SBR foam ŏıŇŗĴĕŉŘĬȮŏĴŊŗŀĮĶŇĴŅĦĔŅĶȮprecure ŏıŇŗĴĕŉŘĬȮŐĽħĚħńĚȮĨŅĶŅĚĪňŗȮ2,15  
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ĨŅĶŅĚĪňŗȮ2,15ȮCrosslinking density ĕŀĚȮBR-NR-SBR foam ĪňŗĮĶŇĴŅĦĔŅĶȮprecure ĨƞŅĚĔńĬȮY04[ 

Sample 

XLDS Swelling 

A&Mc'Ȯ
&#' 

McȮ
&g-mol' 

A&T2'Ȯ
&#' 

T2Ȯ
&ms' 

XLD1Ȯ&x 10+4 
mol-g' 

XLD2Ȯ&x 10+4 
mol-g' 

I 33,58 8410 62,27 3,76 0,999 0,964 

II 37,55 8240 58,42 3,64 1,099 1,069 

III 38,95 8110 57,09 3,59 1,185 1,130 

IV 39,85 7900 55,92 3,42 1,215 1,185 

V 40,12 7480 54,70 3,31 1,283 1,277 

VI 40,92 7150 54,32 3,32 1,301 1,290 

VII 42,84 6960 52,67 3,29 1,336 1,334 
(ȮYsample I, II, III, ź, VII 8ȮĮĶŇĴŅĦȮprecure ., 0., 2., ź, 5.[ 
(Ȯmotion of inter crosslink chain 8ȮA&Mc',  motion of dangling chain ends and free chain 8Ȯ

A&T0', average molecular weight between two crosslinking 8ȮMc, relaxation time of crosslinking 
network 8ȮT0, total +crosslinking density 8ȮXLDȮ 

ĔŅĶĻŉĔļŅȮDSC ŐĽħĚŒľƟŏľŖĬȮpeak ĕŀĚȮheat capacity 0ȮĕńŘĬȮőħĵŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦĔŅĶȮ

precure ĪŜŅŒľƟȮTgȮĪńŘĚĽŀĚĝƞĺĚȮshift œĮĪňŗŀŋĦľĳŌĴŇĽŌĚĕŉŘĬŏĬŊŗŀĚěŅĔĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦȮcrosslinking 

density ŐĽħĚėƞŅȮTgȮħńĚĨŅĶŅĚĪňŗȮ2,16 

ĨŅĶŅĚĪňŗȮ2,16ȮįĸĔŅĶĻŉĔļŅȮDSC ĕŀĚȮBR-NR-SBR foam ĪňŗĮĶŇĴŅĦȮprecure ĨƞŅĚĔńĬȮY04[ 

Samples Tg&°C' Tg2&°C' Melting enthalpy &J-g' 

I +103,9 +66,0 3,4 

II +103,3 +65,8 2,6 

III +103,3 +65,8 2,4 

IV +102,9 +65,6 2,3 

V +102,7 +64,9 2,3 

VI +102,6 +64,6 2,1 

VII +102,5 +63,6 2,1 
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įĸĔŅĶĻŉĔļŅĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮ&TGA'ȮŐĽħĚħńĚĳŅıĪňŗȮ2,29ıĭĺƞŅȮBR-NR-SBR 

foam ĪňŗįƞŅĬĔŅĶȮprecure ĮĶŇĴŅĦĨƞŅĚĔńĬȮĴňŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗħňĔĺƞŅőĲĴĪňŗœĴƞįƞŅĬĔŅĶȮ

precureȮŐĸŃĽĴĭńĨŇŏĝŇĚĔĸȮ&tensile strength, tensile modulus, elongation at break, 

hardnessȮŐĸŃȮtear strength'ȮĕŀĚȮBR-NR-SBR foam ĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦĔŅĶȮprecure 

ŏıŇŗĴĕŉŘĬŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,17Ȯ 

 
ĳŅıĪňŗȮ2,29 TGA ŐĸŃȮDTG thermograms ĕŀĚȮBR-SBR-NR foam  

ĪňŗĮĶŇĴŅĦȮprecure ĨƞŅĚĔńĬȮY04[ 

ĨŅĶŅĚĪňŗȮ2,17ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮBR-NR-SBR foam ĪňŗĮĶŇĴŅĦȮprecure ĨƞŅĚĔńĬȮY04[ 
Procured 
DegreeȮ 
&#' 

Tensile 
Strength 
&MPa' 

Modulus 
at 100#Ȯ
&MPa' 

Modulus 
at 300#Ȯ
&MPa' 

Elongation 
atȮbreak  
&#' 

Tear 
Strength 
&N-mm' 

Hard 
ness 
&shore C' 

I 3,4 ± 0,3 0,8 ± 0,1 2,7 ± 0,2 346 ± 15 12,1 ± 0,6 42 ± 1 
II 4,1 ± 0,1 1,0 ± 0,1 3,5 ± 0,2 352 ± 11 22,9 ± 0,9 51 ± 1 

III 5,6 ± 0,4 1,1 ± 0,1 3,6 ± 0,3 432 ± 11 23,3 ± 1,0 55 ± 1 

IV 6,3 ± 0,2 1,2 ± 0,1 4,0 ± 0,2 433 ± 10 30,6 ± 2,2 51 ± 1 
V 7,2 ± 0,2 1,3 ± 0,1 4,3 ± 0,3 464 ± 21 34,0 ± 2,7 47 ± 0 

VI 10,3 ± 0,5 1,6 ± 0,2 5,4 ± 0,6 525 ± 32 35,0 ± 0,3 40 ± 1 

VII 11,1 ± 0,3 2,1 ± 0,1 6,6 ± 0,3 538 ± 18 36,3 ± 0,5 40 ± 0 
 

U,ȮBasuli ŐĸŃėĦŃȮY05[ȮœħƟĻŉĔļŅıķĨŇĔĶĶĴĔŅĶȮfoaming őėĶĚĽĶƟŅĚȮŐĸŃĽĴĭńĨŇĨƞŅĚȮŕȮĕŀĚ

őĲĴĵŅĚįĽĴȮĪňŗŒĝƟĽŅĶŏĽĶŇĴŐĶĚȮzinc methacrylate &ZMA'ȮőħĵĵŅĚĪňŗŒĝƟȮėŊŀȮnatural rubber 

&NR'-butadiene+rubber &BR'ȮŏĭĸĬħƢȮŐĸŃŒĝƟȮp+oxybis+benzene+sulfonylhydrazide &OBSH, 
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OHW0'ȮŏĮƦĬȮblowing agent őħĵŒĝƟȮNR-BR ŏĮƦĬȮ4.-2.ȮŐĸŃŒĝƟȮZMA 2., 3., 4.ȮŒĝƟȮOHW0Ȯ., 2, 

6Ȯ&Formulation 8ȮR NR-BR-ZMA-OHW0ȮŏĝƞĬȮ4.NR 2.BR 2.ZMA 2OHW0ȮŒĝƟȮR4-2-2-2ȮŏĮƦĬ

ĨƟĬ'ȮěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħńĚĳŅıĪňŗȮ2,30ȮıĭĺƞŅȮtensile strengthȮ&ĳŅıĪňŗȮ2,30a'ȮĕŀĚőĲĴ

ŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦĽŅĶŏĨŇĴŐĨƞĚŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔįĸĕŀĚĔŅĶŏĽĶŇĴŐĶĚȮ&reinforcing effect'ȮĕŀĚ

ĽŅĶŏĨŇĴŐĨƞĚȮŒĬĕĦŃĪňŗėƞŅȮelongation at breakȮ&ĳŅıĪňŗȮ2,30a'ȮĴňėƞŅĸħĸĚŏĴŊŗŀĮĶŇĴŅĦȮfoaming 

agentȮŐĸŃȮZMA ŏıŇŗĴĕŉŘĬȮŐĸŃȮtensile modulus &ĳŅıĪňŗȮ2,30b'ȮĕŀĚőĲĴŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦȮZMA 

ŏıŇŗĴĕŉŘĬȮŐĨƞĴňėƞŅĸħĸĚŏĴŊŗŀĮĶŇĴŅĦȮfoaming agent ŏıŇŗĴĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮZMA ĽƞĚįĸĨƞŀ

őėĶĚĽĶƟŅĚĕŀĚőĲĴȮŏĝƞĬȮcell size ľĶŊŀȮěŜŅĬĺĬȮcell ĞŉŗĚŐĽħĚœĺƟħńĚĳŅıĪňŗȮ2,30c 

Ȯ  

 
ĳŅıĪňŗȮ2,30Ȯ&a'ȮŐĽħĚȮstress+strain curve &b'ȮŐĽħĚėƞŅȮtensile modulus ĔńĭĮĶŇĴŅĦȮ 

blowing agent ŐĸŃȮ&c'ȮŐĽħĚȮěŜŅĬĺĬȮcell ŐĸŃȮcell size ĕŀĚőĲĴĵŅĚȮNR-BR  
ĪňŗįĽĴĽŅĶŏĽĶŇĴŐĶĚĮĶŇĴŅĦĨƞŅĚŕȮY05[ 

 

 

a' b' 

c' 
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ĭĪĪňŗȮ1 
ĶŃŏĭňĵĭĺŇīňĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

1,/ȮĺńĽħŋŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 
1,/,/ȮĵŅĚīĶĶĴĝŅĨŇȮ&Natural rubber'ȮŏĔĶħȮSTR 5L ěŅĔĭĶŇļńĪ P J Rubber Co,, Ltd,Ȯ 

ĮĶŃŏĪĻœĪĵȮőħĵĴňėƞŅ Mooney viscosity ML1)4 100 °C ~ 63 

1,/,0ȮĵŅĚĭŇĺĪŅœħŀňĬȮ&Butadiene rubber'ȮŏĔĶħȮ/1.B ěŅĔĭĶŇļńĪȮUBE Industries Ltd,Ȯ

ĮĶŃŏĪĻœĪĵȮőħĵĴňėƞŅȮMooney viscosity ML/)2Ȯ/..Ȯ°C ~ 29ȮĞŉŗĚĴňœŀőĞŏĴŀĶƢȮcis+1,4 butadiene 

ĮĶŇĴŅĦȮ96 #wt 

1,/,1ȮĵŅĚŀŃėĶŇőĸœĬœĨĶĭŇĺĪŅœħŀňĬȮ&Acrylonitrile butadiene rubber'ȮŏĔĶħȮNBR 6240Ȯ

ěŅĔĭĶŇļńĪȮLG Chem Ltd,ȮĮĶŃŏĪĻŏĔŅľĸňȮőħĵĴňėƞŅȮMooney viscosity ML1)4 100 °C ~ 25ȮĞŉŗĚĴň

ĮĶŇĴŅĦľĴŌƞŀėĶŇőĸœĬœĨĶ 34#Ȯ 

1,/,2ȮĞŇĚėƢŀŀĔœĞħƢȮ&ZnO'ȮěŅĔĭĶŇļńĪȮAjax Finechem Pty Ltd,ȮěŅĔĮĶŃŏĪĻŀŀĽŏĨĶŏĸňĵȮ

ŒĝƟĪŜŅľĬƟŅĪňŗŏĮƦĬĽŅĶĔĶŃĨŋƟĬȮ&Activator' 

3,1,5 ĽŏĨňĵĶŇĔȮŐŀĞŇħȮ&Stearic acid'ȮěŅĔĭĶŇļńĪȮAppliChem GmbHȮěŅĔĮĶŃŏĪĻŏĵŀĶĴńĬȮ

ŒĝƟĪŜŅľĬƟŅĪňŗŏĮƦĬĽŅĶĔĶŃĨŋƟĬȮ&Activator'Ȯ 

3,1,6 0+0Ų+Dithiobis &benzothiazole'Ȯ&MBTS'ȮěŅĔĭĶŇļńĪȮĞńĬĬňŗŏĺŇĸħƢȮŏėĴňŏėŇĸȮěŜŅĔńħȮ

ĮĶŃŏĪĻœĪĵȮŒĝƟŏĮƦĬĽŅĶŏĶƞĚĮġŇĔŇĶŇĵŅȮ&Accelerator' 

3,1,7 ĔŜŅĴŃĩńĬȮ&S8'ȮŒĝƟŏĮƦĬĽŅĶĪŜŅŒľƟĵŅĚėĚĶŌĮȮ&Vulcanizing agent' 

3,1,8 Retarder CTPȮěŅĔĭĶŇļńĪȮInnovation Technology Co, Ltd,ȮĮĶŃŏĪĻœĪĵȮŒĝƟŏĮƦĬ

ĽŅĶľĬƞĺĚĮġŇĔŇĶŇĵŅȮ&Retarder' 

3,1,9 ĞŇĸŇĔŅȮ&Precipitate silica'ȮŒĝƟŏĮƦĬĽŅĶĔƞŀŒľƟŏĔŇħĔŅĶıŀĚĲŌȮ&Nucleating blowing 

agent' 

3,1,10 Supercell+EW ěŅĔĭĶŇļńĪȮA,F,ȮSupercell ĮĶŃŏĪĻœĪĵȮŒĝƟŏĮƦĬĽŅĶıŀĚĲŌȮ&Blowing 

agent'Ȯ 

3,1,11 ŀŀĶƢĔŅőĬŏėĸĵƢȮ&Cloisite 30B'ȮŒĝƟŏĮƦĬĽŅĶŏĨŇĴŐĨƞĚȮ&Filler'
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3,2 ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟħŜŅŏĬŇĬĚŅĬĺŇěńĵ 
1,0,/ȮŏėĶŊŗŀĚįĽĴŐĭĭĮƕħȮ&Internal mixer'ȮĭĶŇļńĪȮBarbenderȮPlasticorder ĶŋƞĬȮLab+

Station W3.EHTȮĮĶŃŏĪĻŏĵŀĶĴĬň 

1,0,0ȮŏėĶŊŗŀĚįĽĴĵŅĚŐĭĭȮ0ȮĸŌĔĔĸŇŘĚȮ&Two+roll mill'ȮĭĶŇļńĪľĚļƢĵŅĺœĪĵȮĶŋƞĬȮXK06  

ĮĶŃŏĪĻœĪĵ 

3,2,1ȮŏėĶŊŗŀĚĬĺħĵŅĚȮ&Kneader mixer'ȮĭĶŇļńĪȮInnovation Technology Co, Ltd,Ȯ

ĮĶŃŏĪĻœĪĵ 

1,0,2ȮŏėĶŊŗŀĚĕŉŘĬĶŌĮĔħŀńħħƟĺĵėĺŅĴħńĬȮ&CompressionȮmolding'ȮĭĶŇļńĪȮChareon Tut  

ĶŋƞĬȮ PR1D+W300L350ȮĮĶŃŏĪĻœĪĵ 

1,0,3ȮŏėĶŊŗŀĚĔħĵŅĚħƟĺĵėĺŅĴħńĬȮ&Hydraulic pressure' 

1,0,4ȮŏėĶŊŗŀĚĻŉĔļŅĸńĔļĦŃĔŅĶėĚĶŌĮĕŀĚĵŅĚȮ&Moving die rheometer, MDR'ȮĭĶŇļńĪȮ

Gotec ĶŋƞĬȮM2000 ĮĶŃŏĪĻœĨƟľĺńĬ 

1,0,5ȮŏėĶŊŗŀĚĪħĽŀĭėĺŅĴľĬŊħȮ&Mooney viscometer'ȮĭĶŇļńĪȮGÖTTFERTȮĮĶŃŏĪĻ

ŏĵŀĶĴĬň 

3,2,6ȮŏėĶŊŗŀĚĪħĽŀĭĽĴĭńĨŇĺńĽħŋĪńŗĺœĮȮ&Universal testing machine'ȮĭĶŇļńĪȮInstron 

engineering corporationȮĶŋƞĬ InstronȮ3747ȮĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

1,0,7ȮŏėĶŊŗŀĚĪħĽŀĭėĺŅĴŐĕŖĚȮ&Hardness durometer'ȮĭĶŇļńĪȮPTC instrumentsȮĶŋƞĬȮ251Ȯ

ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

1,0,/.ȮĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖėĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ&Scanning electron microscope, 

SEM'ȮĭĶŇļńĪȮHitachiȮhigh+technologies ĶŋƞĬ TM3030ȮĮĶŃŏĪĻĠňŗĮŋƙĬ 

3,2,11 ŏėĶŊŗŀĚĺŇŏėĶŅŃľƢĔŅĶŏĸňŘĵĺŏĭĬĶńĚĽňŏŀŖĔĞƢȮ&X+ray diffraction, XRD'ȮĭĶŇļńĪȮSHIMADZU 

ĶŋƞĬȮXRD+6100
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3,3 ĺŇīňĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 
ĨŀĬĪňŗȮ/ȮĻŉĔļŅĵŅĚįĽĴĕŀĚĵŅĚĭŇĺĪŅœħŀňĬȮ&Butadiene rubber, BR'ȮĵŅĚīĶĶĴĝŅĨŇȮ

&Natural rubber, NR'ȮŐĸŃĵŅĚŀŃėĶŇőĸœĬœĨĶĸƢĭŇĺĪŅœħŀňĬȮ&Acrylonitrile+butadiene rubber, 

NBR'ȮħƟĺĵĶŃĭĭȮCV system őħĵĴňŀńĨĶŅĽƞĺĬĔŅĶįĽĴħńĚĨŅĶŅĚĪňŗȮ3,1őħĵĪŜŅĔŅĶįĽĴĵŅĚȮ

BR-NR-NBR ŒĬȮkneader mixer ĪňŗŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ6.Ȯ°CȮŏĮƦĬŏĺĸŅȮ4ȮĬŅĪňȮěŅĔĬńŘĬĬŜŅĵŅĚœĮįĽĴ

ĔńĭĽŅĶĕŉŘĬĶŌĮŀŊŗĬȮŕȮħƟĺĵŏėĶŊŗŀĚȮTwo+roll mill ĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŏĮƦĬŏĺĸŅœĴƞŏĔŇĬȮ1.ȮĬŅĪňȮŐĸƟĺĬŜŅœĮľŅ

ŏĺĸŅŒĬĔŅĶȮcuring &tc90'ȮħƟĺĵŏėĶŊŗŀĚȮMDR ŐĸŃĬŜŅĵŅĚįĽĴœĮĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬŀńħĕŉŘĬĶŌĮħƟĺĵ

ŐĶĚħńĬĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°CȮĨŅĴŏĺĸŅŒĬĔŅĶȮcure ěŅĔĔŅĶĪħĽŀĭȮMDR ěŅĔĬńŘĬĬŜŅĝŇŘĬĚŅĬĪňŗœħƟœĮ

ĪħĽŀĭȮőħĵœħƟŐĽħĚĕńŘĬĨŀĬĔŅĶĻŉĔļŅĵŅĚįĽĴȮBR-NR-NBRȮħńĚĨŅĶŅĚĪňŗȮ3,1ȮőħĵœħƟŐĽħĚŀńĨĶŅĽƞĺĬ

ĕŀĚĵŅĚįĽĴȮŐĸŃĮĶŇĴŅĦĽŅĶȮCuring agentȮĶĺĴĪńŘĚĽńĠĸńĔļĦƢŐĪĬĽŌĨĶĔŅĶįĽĴœĺƟħńĚĨŅĶŅĚĪňŗȮ3,1 

ĨŅĶŅĚĪňŗȮ3,1ȮŐĽħĚŀńĨĶŅĽƞĺĬĕŀĚĵŅĚįĽĴȮŐĸŃĮĶŇĴŅĦĽŅĶȮCuring agent 

ȮȮȮȮȮȮȮȮĽŌĨĶ 
ĺńĽħŋ-ĽŅĶȮȮ 

B+BR B+NR B+NBR 
B+80- 
0-20 

B+60- 
20-20 

B+40- 
40-20 

B+20- 
60-20 

B+.- 
60-20 

BR 100 0 0 80 60 40 20 . 

NR 0 100 0 . 20 40 60 80 

NBR 0 0 100 00 20 20 20 00 

ZincȮoxide&phr' 3 3 3 3 3 3 3 3 

Stearic acidȮ
&phr' 

2 2 2 2 2 2 2 2 

MBTSȮ&phr' 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 

Sulphur &phr' 2 2 2 2 2 2 2 2 
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ȮȮȮȮȮ  
ĳŅıĪňŗȮ3,1ȮŐĽħĚĔŅĶĻŉĔļŅĵŅĚįĽĴȮBR-NR-NBR 

ĨŀĬĪňŗȮ2ȮĻŉĔļŅĔŅĶĪŜŅőĲĴĵŅĚįĽĴȮBR-NR-NBRȮőħĵŒĝƟȮSupercell+EW ĮĶŇĴŅĦȮ/.Ȯphr 

ŏĮƦĬ Blowing agentȮőħĵŒĝƟĺŇīňĔŅĶĪŜŅȮcompound rubber ŏĝƞĬŏħňĵĺĔńĬĔńĭĨŀĬĪňŗȮ/ȮŐĨƞŒĬĕńŘĬĨŀĬ

ĔŅĶȮmasticate ĵŅĚħƟĺĵȮtwo+roll mill ĨƟŀĚįĽĴȮBlowing agentȮ/. phr ĔƞŀĬȮSulphur ŐĸƟĺĬŜŅœĮ

ľŅŏĺĸŅŒĬĔŅĶȮcuring &tc90'ȮħƟĺĵŏėĶŊŗŀĚȮMDR ŐĸŃĬŜŅœĮĔĶŃĭĺĬŀńħĕŉŘĬĶŌĮħƟĺĵŐĶĚħńĬĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ

°CȮĨŅĴŏĺĸŅŒĬĔŅĶȮcure ěŅĔĬńŘĬĬŜŅĽĳŅĺŃĪňŗœħƟĴŅĪħĸŀĚŒĝƟĔńĭĪŋĔŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮőħĵœħƟŐĽħĚ

ĕńŘĬĨŀĬĔŅĶĻŉĔļŅőĲĴĵŅĚįĽĴȮBR-NR-NBRȮħńĚĳŅıĪňŗȮ3,2ȮœħƟŐĽħĚŀńĨĶŅĽƞĺĬĕŀĚĵŅĚįĽĴȮŐĸŃ

ĮĶŇĴŅĦĽŅĶŏĨŇĴŐĨƞĚĶĺĴĪńŘĚĽńĠĸńĔļĦƢŐĪĬĽŌĨĶĔŅĶįĽĴœĺƟħńĚĨŅĶŅĚĪňŗȮ3,2 

ŒĬĔĶŃĭĺĬĔŅĶŀńħĕŉŘĬĶŌĮħƟĺĵŐĶĚħńĬĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°CȮŒĝƟėĺŅĴħńĬĮĶŃĴŅĦȮ1,500 psi őħĵ

ĬŜŅĝŇŘĬĚŅĬŒĽƞŒĬŐĴƞıŇĴıƢȮ&Mold, őĴĸħƢ'ȮŐĸƟĺĪŜŅĔŅĶŀńħħƟĺĵŐĶĚħńĬěĬĩŉĚŏĺĸŅĪňŗĵŅĚŏĶŇŗĴŏĔŇħĔŅĶȮ

Crosslink &Scorch time, ts2'ȮěŅĔĬńŘĬěŃĪŜŅĔŅĶŏĮƕħőĴĸħƢŏĸŖĔĬƟŀĵȮŏıŊŗŀŒľƟĵŅĚĽŅĴŅĶĩĕĵŅĨńĺœħƟȮőħĵ

ěŃĬŜŅĝŇŘĬĚŅĬŀŀĔěŅĔőĴĸħƢŏĴŊŗŀĩŉĚĶŃĵŃŏĺĸŅŒĬĔŅĶĕŉŘĬĶŌĮȮ&Cure time, tc90' 

BR-NR-NBR 

įĽĴȮZnO, Stearic acid, 
MBTS, S8ȮĨŅĴĸŜŅħńĭ 

MDR Two+roll mill 
ĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŒĝƟŏĺĸŅĬƟŀĵĔĺƞŅȮ1.ȮĬŅĪň 

Kneader Mixer 
4ȮĬŅĪňȮĪňŗŀŋĦľĳŌĴŇ 80 °A 

Cure time &tc90' 

Rubber blend 

Compression molding 
ĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°AȮŒĝƟŏĺĸŅ t90 

Specimens 
Mechanical properties 
+ȮTensile test 
+ȮTearing test 
+ȮTension set 
+ȮHardness 
Morphology 
+ȮSEM 
Thermal ageing properties 
+ȮTensile test 
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ĳŅıĪňŗȮ3,2ȮŐĽħĚĔŅĶĻŉĔļŅőĲĴĵŅĚįĽĴȮBR-NR-NBR 

ĨŅĶŅĚĪňŗȮ3,2ȮŐĽħĚŀńĨĶŅĽƞĺĬĕŀĚőĲĴĵŅĚįĽĴȮŐĸŃĮĶŇĴŅĦĽŅĶŏĨŇĴŐĨƞĚĪňŗŒĝƟ 

ȮȮȮȮȮȮȮȮĽŌĨĶ 
ĺńĽħŋ-ĽŅĶȮȮ 

F+BR F+NR F+NBR 
F+80- 
0-20 

F+60- 
20-20 

F+40- 
40-20 

F+20- 
60-20 

F+.- 
60-20 

BR 100 0 0 80 60 40 20 0 

NR 0 100 0 . 20 40 60 6. 

NBR 0 0 100 00 20 20 20 00 

Zinc oxide&phr' 3 3 3 3 3 3 3 3 

Stearic acidȮ
&phr' 

2 2 2 2 2 2 2 2 

MBTSȮ&phr' 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 

CTP &phr' 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 

Silica &phr' 30 30 30 30 30 30 30 30 

Supercell+EWȮ
&phr' 

10 10 10 10 10 10 10 10 

Sulphur &phr' 2 2 2 2 2 2 2 2 

  

įĽĴ ZnO, Stearic acid, 
MBTS, Silica, EW, S8Ȯ
ĨŅĴĸŜŅħńĭ 

Two+roll mill 

ĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŒĝƟŏĺĸŅĬƟŀĵĔĺƞŅȮ1.ȮĬŅĪň 

Selected 
rubber blend 

in part I 

Compression molding 
ĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°AȮŒĝƟŏĺĸŅ tc90 

 

Specimens 

Mechanical properties 
+ȮTensile test 
+ȮTearing test 
+ȮCompression set 
+ȮHardness 
Morphology 
+ȮSEM 

MDR 

Kneader mixer 
ĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŒĝƟŏĺĸŅĬƟŀĵĔĺƞŅȮ1.ȮĬŅĪň 

Cure time &tc90' 
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ĨŀĬĪňŗȮ1ȮĪŜŅĔŅĶĻŉĔļŅőĲĴĵŅĚįĽĴȮBR-NR-NBRȮĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĶŃħńĭĬŅőĬȮ

&Nanofiller'ȮėŊŀȮŀŀĶƢĔŅőĬŏėĸĵƢȮ&Cloisite 30B'ȮőħĵŏĨŇĴŒĬĮĶŇĴŅĦȮ1ȮphrȮĞŉŗĚŏĸŊŀĔįĽĴŏĜıŅŃ

ĔńĭőĲĴĵŅĚįĽĴĽŅĴĽƞĺĬȮŐĸŃŒĝƟĺŇīňĔŅĶĪŜŅ FoamȮrubber blend ŏĝƞĬŏħňĵĺĔńĬĔńĭĨŀĬĪňŗȮ0ȮŐĨƞŒĬ

ĕńŘĬĨŀĬĔŅĶȮmasticate ĵŅĚħƟĺĵȮtwo+roll millȮĬńŘĬĨƟŀĚĪŜŅĔŅĶŒĽƞȮNanofillerȮĔƞŀĬĪŜŅĔŅĶŏĨŇĴ

ĽŅĶŏĨŇĴŐĨƞĚŒħŕȮȮŐĸƟĺĬŜŅĵŅĚȮCompound œĮľŅŏĺĸŅŒĬĔŅĶȮcuring &tc90'ȮħƟĺĵŏėĶŊŗŀĚȮMDR ŐĸŃ

ĬŜŅœĮĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬŀńħĕŉŘĬĶŌĮħƟĺĵŐĶĚħńĬĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°CȮĨŅĴŏĺĸŅŒĬĔŅĶȮcure ĬŜŅĝŇŘĬĚŅĬĪňŗœħƟ

œĮĪŜŅĔŅĶĪħĽŀĭȮőħĵœħƟŐĽħĚĕńŘĬĨŀĬĔŅĶĻŉĔļŅőĲĴĵŅĚįĽĴȮBR-NR-NBRȮĪňŗĴňĔŅĶŏĨŇĴNanofillerȮħńĚ

ĳŅıĪňŗȮ3,3ȮŐĸŃŐĽħĚĮĶŇĴŅĦĽŅĶŏĨŇĴŐĨƞĚĶĺĴĪńŘĚĽńĠĸńĔļĦƢŐĪĬĽŌĨĶĔŅĶįĽĴœĺƟħńĚĨŅĶŅĚĪňŗȮ3,3 

 
ĳŅıĪňŗȮ3,3ȮŐĽħĚĔŅĶĻŉĔļŅőĲĴĵŅĚįĽĴȮBR-NR-NBR ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĶŃħńĭĬŅőĬ 

ĨŅĶŅĚĪňŗȮ3,3ȮŐĽħĚĮĶŇĴŅĦĽŅĶŏĨŇĴŐĨƞĚĪňŗŒĝƟȮĶĺĴĪńŘĚĽńĠĸńĔļĦƢŐĪĬĽŌĨĶĔŅĶįĽĴ 

ȮȮȮȮȮȮȮȮĽŌĨĶ 
ĽŅĶȮ&phr'ȮȮ 

F+60-20-20)1.B F+40-40-20)30B F+20-60-20)30B 

Cloisite 30B 3 3 3 

Zinc oxide 3 3 3 

Stearic acid 2 2 2 

MBTS 1,5 1,5 1,5 

CTP 0,5 0,5 0,5 

Silica 30 30 30 

Supercell+EW 10 10 10 

Sulphur 2 2 2 

įĽĴȮClay, ZnO, Stearic acid, 
MBTS, Silica, EW, S8ȮĨŅĴĸŜŅħńĭ 

Two+roll mill 
ĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŒĝƟŏĺĸŅĬƟŀĵĔĺƞŅȮ1.ȮĬŅĪň 

Ternary foam 
rubber blend 

Compression molding 
ĪňŗŀŋĦľĳŌĴŇȮ16.Ȯ°AȮŒĝƟŏĺĸŅ tc90 

 

Specimens 

MDR 
- TMechanical properties 

+ȮTensile testȮȮ 
+ȮTearing test 
+ȮCompression set 
+ȮHardness 
Morphology 
+ȮSEM 

Cure time &tc90' 
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1,2ȮĔŅĶĪħĽŀĭŐĸŃıŇĽŌěĬƢŏŀĔĸńĔļĦƢ 
3,4,1 ĔŅĶĻŉĔļŅĸńĔļĦŃĔŅĶėĚĶŌĮĕŀĚĵŅĚ 

ĸńĔļĦŃĔŅĶėĚĶŌĮĕŀĚĵŅĚȮĪŜŅĔŅĶĻŉĔļŅħƟĺĵŏėĶŊŗŀĚȮMoving die rheometerȮ&MDR'ȮěŅĔȮ

ĭĶŇļńĪȮGotec ĶŋƞĬȮM2000 ĮĶŃŏĪĻœĨľĺńĬȮħńĚĳŅıĪňŗȮ3,4ȮőħĵĪŜŅĔŅĶĪħĽŀĭĨŅĴĴŅĨĶģŅĬȮ 

ASTM D5289ȮŒĬĔŅĶĪħĽŀĭŒĝƟĝŇŘĬĚŅĬĮĶŃĴŅĦȮ6ȮĔĶńĴĨƞŀľĬŉŗĚĔŅĶĪħĽŀĭȮĞŉŗĚĶŅĵĚŅĬįĸĔŅĶ

ĪħĽŀĭŏĮƦĬėƞŅȮScorch time &ts2', Cure time &tc90', ƇTorqueȮŐĸŃ Cure rate index &CRI'ȮĞŉŗĚ

ėƞŅĕŀĚȮCRI ėŜŅĬĺĦőħĵŒĝƟĽĴĔŅĶĪňŗȮ1,/ 

290

100

tstc
CRI

-
=

    &3,1' 

ŏĴŊŗŀȮ Cure rate index &CRI' ėŊŀȮŀńĨĶŅŏĶŖĺŒĬĔŅĶŏĔŇħĔĶŃĭĺĬĔŅĶȮVulcanizedȮ 

Scorch time &ts2'Ȯ ėŊŀȮŏĺĸŅĪňŗĵŅĚŏĶŇŗĴŏĔŇħĔŅĶ VulcanizedȮĴňľĬƞĺĵŏĮƦĬȮĬŅĪňȮ&min,' 

Cure time &tc90' ėŊŀȮŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮȮĴňľĬƞĺĵŏĮƦĬȮĬŅĪňȮ&min,' 

 
ĳŅıĪňŗȮ3,4ȮŏėĶŊŗŀĚȮMoving die rheometerȮ&MDR'ȮĭĶŇļńĪȮGotec ĶŋƞĬȮM2000 ĮĶŃŏĪĻœĨľĺńĬ 
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3,4,2 ĔŅĶĺńħėĺŅĴľĬŅŐĬƞĬȮ&Density' 

ėĺŅĴľĬŅŐĬƞĬĕŀĚĵŅĚįĽĴȮŐĸŃőĲĴĵŅĚįĽĴȮĻŉĔļŅőħĵŒĝƟĝŇŘĬĚŅĬĪňŗĴňĸńĔļĦŃĺĚĔĸĴȮőħĵŒĝƟ

ŏėĶŊŗŀĚĔħĵŅĚħƟĺĵėĺŅĴħńĬŒĬĔŅĶĨńħĝŇŘĬĚŅĬȮĞŉŗĚœħƟĝŇŘĬĚŅĬŏĮƦĬĺĚĔĸĴĪňŗĴňĶńĻĴňĮĶŃĴŅĦȮ 

/4,6.Ȯ±Ȯ.,.7Ȯmm,ȮěŅĔĬńŘĬĺńħėĺŅĴľĬŅĕŀĚĝŇŘĬĚŅĬȮŏıŊŗŀĬŜŅœĮľŅĮĶŇĴŅĨĶȮ&Volume, cm3'ȮŐĸŃĬŜŅ

ĝŇŘĬĚŅĬœĮĝńŗĚĬŘŜŅľĬńĔħƟĺĵŏėĶŊŗŀĚĝńŗĚĸŃŏŀňĵħȮ2ȮĨŜŅŐľĬƞĚȮěŅĔĬńŘĬĬŜŅĴŅėŜŅĬĺĦľŅȮėĺŅĴľĬŅŐĬƞĬĨŅĴ

ĽĴĔŅĶĪňŗȮ1,0ȮŐĸŃĬŜŅĴŅŏĜĸňŗĵ 

)(

)(
3cmVolume

gWeight
Density=

   &1,0' 

ŏĴŊŗŀȮ Density &D' ėŊŀȮėĺŅĴľĬŅŐĬƞĬ 

Weight &W' ėŊŀȮĬŘŜŅľĬńĔĕŀĚĝŇŘĬĚŅĬȮĴňľĬƞĺĵŏĮƦĬȮĔĶńĴȮ&g,' 

Volume &V' ėŊŀȮĮĶŇĴŅĨĶĕŀĚĝŇŘĬĚŅĬȮĴňľĬƞĺĵŏĮƦĬȮĸŌĔĭŅĨĶŏĞĬĨŇŏĴĨĶȮ&cm3,' 

1,2,1ȮĔŅĶĪħĽŀĭėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĭĺĴĨńĺȮ&#Swelling' 

ŒĬĔŅĶĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőėĶĚĽĶƟŅĚŏĝŊŗŀĴőĵĚĕŀĚĵŅĚįĽĴȮŐĸŃőĲĴĵŅĚįĽĴĪňŗįƞŅĬĔŅĶ

ėĚĶŌĮȮĞŉŗĚĻŉĔļŅįƞŅĬĔŅĶĪħĽŀĭĔŅĶĭĺĴĨńĺőħĵĨńħĝŇŘĬĚŅĬŏĮƦĬĺĚĔĸĴĪňŗĴňĶńĻĴňĮĶŃĴŅĦȮ 

/4Ȯ±Ȯ.,.7Ȯmm,ȮěŅĔĬńŘĬĝńŗĚĬŘŜŅľĬńĔĕŀĚĝŇŘĬĚŅĬĔƞŀĬĪŜŅĔŅĶĪħĽŀĭȮŐĸŃœĮŐĝƞŒĬőĪĸŌŀňĬȮŐĸŃĝńŗĚ

ĬŘŜŅľĬńĔĝŇŘĬĚŅĬĪŋĔȮŕȮ/3ȮĬŅĪňȮěŜŅĬĺĬȮ/0ȮėĶńŘĚ, ĪŋĔȮŕȮ1.ȮĬŅĪňȮěŜŅĬĺĬȮ2ȮėĶńŘĚ, ĪŋĔȮŕȮ/ȮĝńŗĺőĴĚȮěŜŅĬĺĬȮ

2ȮėĶńŘĚ, ĪŋĔȮŕȮ1ȮĝńŗĺőĴĚȮěŜŅĬĺĬȮ4ȮėĶńŘĚ, ĪŋĔȮŕȮ4ȮĝńŗĺőĴĚȮěŜŅĬĺĬȮ2ȮėĶńŘĚ, ĪŋĔȮŕȮ/0ȮĝńŗĺőĴĚȮěŜŅĬĺĬȮ2Ȯ

ėĶńŘĚ, ĪŋĔȮŕȮ02ȮĝńŗĺőĴĚȮěŜŅĬĺĬȮ1ȮėĶńŘĚȮŐĸŃĪŋĔȮŕȮ26ȮĝńŗĺőĴĚȮěŜŅĬĺĬȮ0ȮėĶńŘĚȮěŅĔĬńŘĬėŜŅĬĺĬėƞŅȮ

#SwellingȮĨŅĴĽĴĔŅĶĪňŗȮ1,1ȮőħĵŐĨƞĸŃŀńĨĶŅĽƞĺĬįĽĴĴňĔŅĶĪŜŅĞŘŜŅȮ1ȮĨńĺŀĵƞŅĚȮŐĸŃĬŜŅėƞŅȮ#Swelling 

ĴŅŏĜĸňŗĵ 

100%
0

0 x
W

WW
Swelling t -=

   &3,3' 

ŏĴŊŗŀ #SwellingȮėŊŀȮĶƟŀĵĸŃĔŅĶĭĺĴĨńĺĕŀĚĝŇŘĬĚŅĬŏĪňĵĭĔńĭĔƞŀĬĪħĽŀĭȮĴňľĬƞĺĵŏĮƦĬȮ# 

W0ȮėŊŀȮĬŘŜŅľĬńĔĕŀĚĝŇŘĬĚŅĬĔƞŀĬĔŅĶŐĝƞŒĬĽŅĶĸŃĸŅĵȮĴňľĬƞĺĵŏĮƦĬȮĔĶńĴȮ&g,' 

 WtȮėŊŀȮĬŘŜŅľĬńĔĕŀĚĝŇŘĬĚŅĬľĸńĚĔŅĶŐĝƞŒĬĽŅĶĸŃĸŅĵĪňŗŏĺĸŅŒħȮŕȮĴňľĬƞĺĵŏĮƦĬȮĔĶńĴȮ&g,' 

  



  60 

3,4,4 ĔŅĶĪħĽŀĭėĺŅĴľĬŊħĕŀĚĵŅĚįĽĴȮ&Mooney viscosity' 

ĔŅĶĪħĽŀĭėĺŅĴľĬŊħĕŀĚĵŅĚįĽĴĪŜŅĔŅĶĪħĽŀĭħƟĺĵŏėĶŊŗŀĚĺńħėĺŅĴľĬŊħĴŌĬĬňŗȮ&Mooney 

viscometer'ȮőħĵŒĝƟŒĬĔŅĶĪħĽŀĭėĺŅĴľĬŊħĕŀĚĵŅĚįĽĴĪňŗĵńĚœĴƞįƞŅĬĔĶŃĭĺĬĔŅĶȮvulcanized 

3,4,5ȮĔŅĶĪħĽŀĭĽĴĭńĨŇėĺŅĴĪĬĪŅĬĨƞŀĔŅĶħŉĚĵŊħȮ&Secant modulus,Ȯ 

TensileȮstrength, Elongation at break' 

ĔŅĶĪħĽŀĭĽĴĭńĨŇėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶħŉĚĵŊħȮĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮUniversal tensile 

testingȮmachine ěŅĔĭĶŇļńĪȮInstron engineering corporationȮĶŋƞĬ instronȮ3747ȮĮĶŃŏĪĻ

ĽľĶńģŀŏĴĶŇĔŅȮĨŅĴĴŅĨĶģŅĬȮASTM D412ȮŒĝƟĬŘŜŅľĬńĔŒĬĔŅĶħŉĚȮ5. kN ŐĸŃėĺŅĴŏĶŖĺŒĬĔŅĶħŉĚȮ3..Ȯ

ĴŇĸĸŇŏĴĨĶĨƞŀĬŅĪňȮőħĵŐĽħĚįĸŏĮƦĬȮStress+strain curve, Tensile strength, #Elongation at 

breakȮŐĸŃȮSecant modulus  

1,2,4ȮĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶĵŊħŀĵŌƞĨńĺȮ&Tension set' 

ĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶĵŊħŀĵŌƞĨńĺȮĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮUniversal tensile testingȮmachine 

ĨŅĴĴŅĨĶģŅĬȮASTM D412 ŒĝƟĬŘŜŅľĬńĔŒĬĔŅĶħŉĚȮ5. kN ŐĸŃėĺŅĴŏĶŖĺŒĬĔŅĶħŉĚȮ3..ȮĴŇĸĸŇŏĴĨĶĨƞŀ

ĬŅĪňȮőħĵĪŜŅĺńħėĺŅĴĵŅĺŐĸŃĪŜŅŏėĶŊŗŀĚľĴŅĵĪňŗȮgauge length ĔƞŀĬĪŜŅĔŅĶħŉĚœĺƟȮ35 mm,ȮŐĸŃħŉĚĵŅĚ

œĺƟĪňŗȮ/..Ȯ#strain ŏĮƦĬŏĺĸŅȮ/.ȮĬŅĪňȮěŅĔĬńŘĬĬŜŅĝŇŘĬĚŅĬŀŀĔŐĸŃıńĔœĺƟȮ/.ȮĬŅĪňŏıŊŗŀĶŀĵŅĚėŊĬĨńĺŐĸŃ

ĺńħėĺŅĴĵŅĺĶŃľĺƞŅĚŏėĶŊŗŀĚľĴŅĵĪňŗĪŜŅœĺƟěŅĔĬńŘĬĬŜŅĴŅėŜŅĬĺĦĨŅĴĽĴĔŅĶĪňŗȮ1,2Ȯ 

100%
0

0 x
LL

LL
setTension

n

i

-

-
=

   &3,2' 

ŏĴŊŗŀ #Tension setȮėŊŀȮĔŅĶĵŊħŀĵŌƞĨńĺȮĴňľĬƞĺĵŏĮƦĬȮ# 

L0ȮėŊŀȮėĺŅĴĵŅĺĕŀĚĝŇŘĬĚŅĬĔƞŀĬħŉĚȮĴňľĬƞĺĵŏĮƦĬȮĴŇĸĸŇŏĴĨĶȮ&mm,' 

 LiȮėŊŀȮėĺŅĴĵŅĺĕŀĚĝŇŘĬĚŅĬľĸńĚľĸńĚħŉĚȮĴňľĬƞĺĵŏĮƦĬȮĴŇĸĸŇŏĴĨĶȮ&mm,' 

 LnȮėŊŀȮėĺŅĴĵŅĺĕŀĚĝŇŘĬĚŅĬĕĦŃĪħĽŀĭȮĴňľĬƞĺĵŏĮƦĬȮĴŇĸĸŇŏĴĨĶȮ&mm,' 

1,2,5ȮĔŅĶĪħĽŀĭĵŋĭŀĵŌƞĨńĺŏĬŊŗŀĚěŅĔŐĶĚŀńħȮ&Compression set' 

ĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶĵŋĭŀĵŌƞĨńĺŏĬŊŗŀĚěŅĔŐĶĚŀńħȮĨŅĴĴŅĨĶģŅĬȮASTM D1056ȮőħĵŒĝƟŏėĶŊŗŀĚ

ĔħħƟĺĵŐĶĚħńĬĨńħĝŇŘĬĚŅĬŒľƟĴňĕĬŅħĔĺƟŅĚȮx ĵŅĺȮŏĮƦĬȮ1.ȮxȮ1.Ȯmm,ȮěŅĔĬńŘĬĬŜŅĝŇŘĬĚŅĬĪňŗœħƟœĮĔħŒľƟ

ėĺŅĴľĬŅĕŀĚĝŇŘĬĚŅĬĸħĸĚȮ3.Ȯ#ȮŐĸŃŏĔŖĭœĺƟŒĬĨŌƟŀĭĪňŗŀŋĦľĳŌĴŇȮ5.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĽħĚħńĚĳŅıĪňŗȮ3,5Ȯ

ěŅĔĬńŘĬĬŜŅĴŅėŜŅĬĺĦĨŅĴĽĴĔŅĶĪňŗȮ1,3 

100%
0

0 x
TT

TT
setnCompressio

n

i

-

-
=  ȮȮȮȮȮȮȮȮȮȮ  Ȯ&3,5' 
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ŏĴŊŗŀ #Compression setȮėŊŀȮĔŅĶĵŋĭŀĵŌƞĨńĺȮĴňľĬƞĺĵŏĮƦĬȮ# 

T0ȮėŊŀȮėĺŅĴľĬŅĕŀĚĝŇŘĬĚŅĬĔƞŀĬĪħĽŀĭȮĴňľĬƞĺĵŏĮƦĬȮĴŇĸĸŇŏĴĨĶȮ&mm,' 

 TiȮėŊŀȮėĺŅĴľĬŅĕŀĚĝŇŘĬĚŅĬľĸńĚĪħĽŀĭȮĴňľĬƞĺĵŏĮƦĬȮĴŇĸĸŇŏĴĨĶȮ&mm,' 

 TnȮėŊŀȮėĺŅĴľĬŅĕŀĚĝŇŘĬĚŅĬĕĦŃĪħĽŀĭȮĴňľĬƞĺĵŏĮƦĬȮĴŇĸĸŇŏĴĨĶȮ&mm,' 

 
ĳŅıĪňŗȮ3,5ȮŐĽħĚĔŅĶĪħĽŀĭĔŅĶĵŋĭĨńĺĩŅĺĶĕŀĚőĲĴĵŅĚįĽĴ 

1,2,6ȮĔŅĶĪħĽŀĭėĺŅĴŐĕŖĚȮ&Hardness' 

ĔŅĶĪħĽŀĭėĺŅĴŐĕŖĚĕŀĚĵŅĚȮĪħĽŀĭħƟĺĵŏėĶŊŗŀĚĪħĽŀĭėĺŅĴŐĕŖĚȮ&Hardness tester, 

Durometer'ȮěŅĔĭĶŇļńĪ PTC instrumentsȮĶŋƞĬȮ251ȮĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮĨŅĴȮASTM D2240Ȯ

őħĵŒĝƟľńĺĪħĽŀĭŐĭĭȮShore A  

3,4,9 ĔŅĶĪħĽŀĭėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħȮ&Tear strength' 

ĔŅĶĪħĽŀĭėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħȮĞŉŗĚĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮUniversal tensile testingȮ

machine ĨŅĴĴŅĨĶģŅĬȮASTM D402ȮŒĝƟĬŘŜŅľĬńĔŒĬĔŅĶħŉĚȮ5. kN ŐĸŃėĺŅĴŏĶŖĺŒĬĔŅĶħŉĚȮ 

3..ȮĴŇĸĸŇŏĴĨĶĨƞŀĬŅĪňȮőħĵŐĽħĚįĸŏĮƦĬėƞŅĕŀĚȮTear strengthȮ 

3,4,10 ĔŅĶĪħĽŀĭĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅȮ&Morphology' 

ĔŅĶĪħĽŀĭĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅȮőħĵŒĝƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖėĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ

&Scanning electron microscope, SEM'ȮěŅĔĭĶŇļńĪȮHitachiȮhigh+technologies ĶŋƞĬ TM3030Ȯ

ĮĶŃŏĪĻĠňŗĮŋƙĬȮőħĵĬŜŅĝŇŘĬĚŅĬœĮŐĝƞŒĬœĬőĨĶŏěĬŏľĸĺȮŐĸŃĪŋĭŒľƟŐĨĔȮěŅĔĬńŘĬĬŜŅœĮŏėĸŊŀĭħƟĺĵȮ

ŐıĸŏĸŏħňĵĴįĽĴĪŀĚȮ&Pd-Au'ȮŐĸƟĺĬŜŅĝŇŘĬĚŅĬŏĕƟŅĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖėĨĶŀĬŐĭĭĽƞŀĚĔĶŅħŏıŊŗŀ

ĩƞŅĵĳŅıȮőħĵĽŜŅľĶńĭĵŅĚįĽĴȮ&Rubber blend'ȮŒĝƟĻŉĔļŅĸńĔļĦŃėĺŅĴŏĕƟŅĔńĬœħƟȮŐĸŃĽŜŅľĶńĭőĲĴĵŅĚ

įĽĴĪńŘĚĪňŗįĽĴŐĸŃœĴƞįĽĴȮCloisite 30B ŒĝƟĻŉĔļŅĕĬŅħĕŀĚŏĞĸĸƢőĲĴȮ&Cell size'ȮĶĺĴĩŉĚĕĬŅħĕŀĚ

įĬńĚŏĞĸĸƢȮ&Cell wall'ȮŐĸŃĻŉĔļŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĕĬŅħŏĞĸĸƢőĲĴȮőħĵŒĝƟĶƞĺĴĔńĭőĮĶŐĔĶĴȮImageJ 
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1,2,/.ȮĺŇŏėĶŅŃľƢĔŅĶŏĸňŘĵĺŏĭĬĶńĚĽňŏŀĔĞƢȮ&X+ray diffraction, XRD' 

ĔŅĶĪħĽŀĭȮXRD ŒĝƟĪħĽŀĭĵŅĚĪňŗĴňĔŅĶŏĨŇĴȮCloisite 30B ĞŉŗĚŒĝƟĝŇŘĬĚŅĬěŅĔĔŅĶĔħŀńħħƟĺĵėĺŅĴĶƟŀĬ
ŒľƟŏĮƦĬŐįƞĬĭŅĚȮŕȮ&|Ȯ.,2Ȯmm'ȮőħĵĪŜŅĔŅĶĪħĽŀĭĪňŗėĺŅĴĨƞŅĚĻńĔĵƢȮ2.ȮkV,ȮŒĝƟĔĶŃŐĽœĲĲƚŅȮ2.ȮmA,Ȯ
őħĵĻŉĔļŅŒĬĝƞĺĚȮ2 theta ĨńŘĚŐĨƞȮ2+9ȮdegreeȮŒĝƟŀńĨĶŅŏĶŖĺŒĬĔŅĶĽŐĔĬĪňŗȮ.,3Ȯdegree-minute 

q

l

sin2
=D     &3,6' 

ŏĴŊŗŀ DȮ&d+spacing' ėŊŀȮĶŃĵŃľƞŅĚĕŀĚĝńŘĬĞŇĸŇŏĔĪĕŀĚȮCloisite 1.BȮĴňľĬƞĺĵŏĮƦĬȮnm, 

l  ėŊŀȮėĺŅĴĵŅĺėĸŊŗĬĪħĽŀĭĴňėƞŅŏĪƞŅĔńĭ 0,154 nm,Ȯ 

q  ėŊŀȮĴŋĴĽŃĪƟŀĬěŅĔĝŇŘĬĚŅĬĪħĽŀĭȮĴňľĬƞĺĵŏĮƦĬȮŀĚĻŅ 

1,2,//ȮĔŅĶĻŉĔļŅėĺŅĴĪĬĪŅĬĨƞŀŀŋĦľĳŌĴŇȮ&Thermal aging property' 

ĔŅĶĪħĽŀĭėĺŅĴĪĬĪŅĬĨƞŀŀŋĦľĳŌĴŇȮĪŜŅĔŅĶĪħĽŀĭőħĵŒĝƟȮtensile test őħĵĬŜŅĝŇŘĬĚŅĬœĮŒĽƞ

œĺƟŒĬĨŌƟŀĭĪňŗŀŋĦľĳŌĴŇȮ5.ȮŀĚĻŅŏĞĸŏĞňĵĽŏĮƦĬŏĺĸŅȮ.Ȯ/Ȯ1Ȯ3Ȯ5ȮŐĸŃȮ1.ȮĺńĬȮěŅĔĬńŘĬĬŜŅĝŇŘĬĚŅĬĴŅĪħĽŀĭ

ėĺŅĴĪĬĪŅĬĨƞŀŐĶĚħŉĚĵŊħȮĞŉŗĚœħƟĶŅĵĚŅĬįĸŏĮƦĬėƞŅȮSecant modulus ĨƞŀĶŃĵŃŏĺĸŅŒĬĔŅĶĪħĽŀĭȮ

őħĵœħƟŐĽħĚĳŅıĔŅĶĪħĽŀĭœĺƟħńĚĳŅıĪňŗȮ3,6 

ȮȮ  
ĳŅıĪňŗȮ3,6ȮŐĽħĚĔŅĶĪħĽŀĭĽĴĭńĨŇȮThermal aging property ĕŀĚĵŅĚįĽĴȮ 

1,2,/0ȮĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŐĨĔĨƞŅĚĕŀĚĕƟŀĴŌĸŏĝŇĚĽĩŇĨŇ 

ŏĮƦĬĔŅĶĬŜŅĕƟŀĴŌĸįĸĔŅĶĪħĽŀĭĨƞŅĚȮŕȮĪňŗœħƟĴŅĺŇŏėĶŅŃľƢėĺŅĴŐĨĔĨƞŅĚĕŀĚėƞŅŏĜĸňŗĵőħĵŒĝƟĽĩŇĨŇȮ

One way ANOVA ĪňŗĶŃħńĭėĺŅĴŏĝŊŗŀĴńŗĬȮ73#ȮőħĵŒĝƟĔŅĶŏĮĶňĵĭŏĪňĵĭȮTukeyŲs pairwiseȮőħĵĔŅĶ

ŐĽħĚįĸĪŅĚĽĩŇĨŇȮőħĵŒĝƟĔŅĶŐĪĬħƟĺĵĽńĠĸńĔļĦƢĳŅļŅŀńĚĔķļȮĞŉŗĚĨńĺŀńĔļĶĪňŗŏľĴŊŀĬĔńĬŐĽħĚĺƞŅĴň

ėƞŅŏĜĸňŗĵĪňŗŐĨĔĨƞŅĚĔńĬŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠȮőħĵœħƟŐĽħĚĽńĠĸńĔļĦƢœĺƟĭĬĔĶŅĲŐĪƞĚĕŀĚĽĴĭńĨŇĨƞŅĚȮŕ 
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1,3ȮĽńĠĸńĔļĦƢŐĸŃĨńĺĵƞŀĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

ĽńĠĸńĔļĦƢ ėĺŅĴľĴŅĵ 

B+BR ĵŅĚȮBR ĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬŏĞĝńŗĬȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚȮ
ZnO-Stearic acid-MBTS-Sulphur ŏĮƦĬȮ3-0-/,3-0 phr 

B+NR ĵŅĚȮNR ĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬŏĞĝńŗĬȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚȮ
ZnO-Stearic acid-MBTS-Sulphur ŏĮƦĬȮ3-0-/,3-0 phr 

B+NBR ĵŅĚȮNBRȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬŏĞĝńŗĬȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚȮ
ZnO-Stearic acid-MBTS-Sulphur ŏĮƦĬȮ3-0-/,3-0 phr 

B+80-0-20 ĵŅĚįĽĴĶŃľĺƞŅĚȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ6.-.-0.ȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬ
ŏĞĝńŗĬȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚȮZnO-StearicȮacid-MBTS-Sulphur 
ŏĮƦĬȮ3-0-/,3-0 phr 

B+60-20-20 ĵŅĚįĽĴĶŃľĺƞŅĚȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ60-2.-0.ȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅ+
œĬŏĞĝńŗĬȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚȮZnO-StearicȮacid-MBTS-Ȯ
SulphurȮȮŏĮƦĬȮ3-0-/,3-0 phr 

B+40-40-20 ĵŅĚįĽĴĶŃľĺƞŅĚȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ40-4.-0.ȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅ+
œĬŏĞĝńŗĬȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚȮZnO-Stearic acid-MBTSȮ
-Sulphur ŏĮƦĬȮ3-0-/,3-0 phr 

B+20-60-20 ĵŅĚįĽĴĶŃľĺƞŅĚȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ20-6.-0.ȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅ+
œĬŏĞĝńŗĬȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚȮZnO-Stearic acid-MBTS-Ȯ
Sulphur ŏĮƦĬȮ3-0-/,3-0 phr 

B+0-80-20 ĵŅĚįĽĴĶŃľĺƞŅĚȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ0-8.-0.ȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅ+
œĬŏĞĝńŗĬȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚȮZnO-StearicȮ
acid-MBTS-Sulphur ŏĮƦĬȮ3-0-/,3-0Ȯphr 
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ĽńĠĸńĔļĦƢ ėĺŅĴľĴŅĵ 

F+BR őĲĴĵŅĚȮBR ĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬŏĞĝńŗĬȮĞŉŗĚĴňĔŅĶŏĨŇĴȮBlowing agent, 
Silica ŐĸŃȮCTP ŏıŇŗĴŏĕƟŅœĮŒĬĵŅĚįĽĴŏıŊŗŀŒľƟœħƟŏĮƦĬőĲĴĵŅĚȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶ
įĽĴĽŅĶŏĨŇĴŐĨƞĚȮZnO-Stearic acid-MBTS-CTP-Silica-EW-SulphurȮŏĮƦĬȮ
3-0-/,3-Ȯ0,5-30-10-0Ȯphr 

F+NR őĲĴĵŅĚȮNR ĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬŏĞĝńŗĬȮĞŉŗĚĴňĔŅĶŏĨŇĴȮBlowing agent, 
Silica ŐĸŃȮCTP ŏıŇŗĴŏĕƟŅœĮŒĬĵŅĚįĽĴŏıŊŗŀŒľƟœħƟŏĮƦĬőĲĴĵŅĚȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶ
įĽĴĽŅĶŏĨŇĴŐĨƞĚȮZnO-Stearic acid-MBTS-CTP-Silica-EW-Sulphur ŏĮƦĬȮ
3-0-/,3-Ȯ0,5-30-10-0Ȯphr 

F+NBR őĲĴĵŅĚȮNBR ĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬŏĞĝńŗĬȮĞŉŗĚĴňĔŅĶŏĨŇĴȮBlowing agent, 
Silica ŐĸŃȮCTP ŏıŇŗĴŏĕƟŅœĮŒĬĵŅĚįĽĴŏıŊŗŀŒľƟœħƟŏĮƦĬőĲĴĵŅĚȮőħĵĴňŀńĨĶŅĽƞĺĬĔŅĶ
įĽĴĽŅĶŏĨŇĴŐĨƞĚȮZnO-ȮStearic acid-MBTS-CTP-Silica-EW-Sulphur ŏĮƦĬȮ
3-0-/,3-Ȯ0,5-30-10-0 phr 

F+80-0-20 őĲĴĵŅĚįĽĴȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ80-.-0.ȮȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬ+
ŏĞĝńŗĬȮĞŉŗĚĴňĔŅĶŏĨŇĴȮBlowing agent, Silica ŐĸŃȮCTP ŏıŇŗĴŏĕƟŅœĮŒĬĵŅĚįĽĴ
ŏıŊŗŀŒľƟœħƟŏĮƦĬőĲĴĵŅĚȮŀńĨĶŅĽƞĺĬĽŅĶŏĨŇĴŐĨƞĚȮZnO-Stearic acid-MBTS-CTP-Ȯ
Silica-ȮEW-Sulphur ŏĮƦĬȮ3-0-/,3-0,5-30-10-0 phr 

F+60-20-20 őĲĴĵŅĚįĽĴȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ60-2.-0.ȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬ+
ŏĞĝńŗĬȮĞŉŗĚĴňĔŅĶŏĨŇĴȮBlowing agent, Silica ŐĸŃȮCTP ŏıŇŗĴŏĕƟŅœĮŒĬĵŅĚįĽĴ
ŏıŊŗŀŒľƟœħƟŏĮƦĬőĲĴĵŅĚȮŀńĨĶŅĽƞĺĬĽŅĶŏĨŇĴŐĨƞĚȮZnO-Stearic acid-MBTS-CTP-Ȯ
Silica-EW-Sulphur ŏĮƦĬȮ3-0-/,3-0,5-30-10-0 phr 

F+40-40-20 őĲĴĵŅĚįĽĴȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ40-4.-0.ȮȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬ+
ŏĞĝńŗĬȮĞŉŗĚĴňĔŅĶŏĨŇĴȮBlowing agent, Silica ŐĸŃȮCTP ŏıŇŗĴŏĕƟŅœĮŒĬĵŅĚįĽĴ
ŏıŊŗŀŒľƟœħƟŏĮƦĬőĲĴĵŅĚȮŀńĨĶŅĽƞĺĬĽŅĶŏĨŇĴŐĨƞĚȮZnO-StearicȮacid-MBTS-CTP-Ȯ
Silica-EW-Sulphur ŏĮƦĬȮ3-0-/,3-0,5-30-10-0Ȯphr 

F+20-60-20 őĲĴĵŅĚįĽĴȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ20-6.-0.ȮȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬ+
ŏĞĝńŗĬȮĞŉŗĚĴňĔŅĶŏĨŇĴȮBlowing agent, Silica ŐĸŃȮCTP ŏıŇŗĴŏĕƟŅœĮŒĬĵŅĚįĽĴ
ŏıŊŗŀŒľƟœħƟŏĮƦĬőĲĴĵŅĚȮŀńĨĶŅĽƞĺĬĽŅĶŏĨŇĴŐĨƞĚ ZnO-Stearic acid-MBTS-CTP-Ȯ
Silica-EW-Sulphur ŏĮƦĬȮ3-0-/,3-0,5-30-10-0 phr 
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F+0-80-20 őĲĴĵŅĚįĽĴȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ0-8.-0.ȮȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸ+
ėŅœĬŏĞĝńŗĬȮĞŉŗĚĴňĔŅĶŏĨŇĴȮBlowing agent, Silica ŐĸŃȮCTP ŏıŇŗĴŏĕƟŅœĮŒĬĵŅĚ
įĽĴŏıŊŗŀŒľƟœħƟŏĮƦĬőĲĴĵŅĚȮŀńĨĶŅĽƞĺĬĽŅĶŏĨŇĴŐĨƞĚȮZnO-Stearic+ 
acid-MBTS-CTP-ȮSilica-EW-Sulphur ŏĮƦĬ3-0-/,3-0,5-30-10-0 phr 

F+60-20-20)30B őĲĴĵŅĚįĽĴȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ4.-0.-0.ȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸ+
ėŅœĬŏĞĝńŗĬȮőħĵŏıŇŗĴŒĬĽƞĺĬĕŀĚĔŅĶŏĨŇĴ Cloisite 30B &C30B'ȮŀńĨĶŅĽƞĺĬ
ĽŅĶŏĨŇĴŐĨƞĚȮ8ȮC30B-ZnO-Stearic acid-MBTS-CTP-Silica-EW-Sulphur 
ŏĮƦĬȮ3-3-0-/,3-0,5-30-10-0Ȯphr 

F+20-20-20)30B őĲĴĵŅĚȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ2.-2.-0.ȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸėŅœĬ+
ŏĞĝńŗĬȮőħĵŏıŇŗĴŒĬĽƞĺĬĕŀĚĔŅĶŏĨŇĴ Cloisite 30B &C30B'ȮŀńĨĶŅĽƞĺĬĽŅĶŏĨŇĴ
ŐĨƞĚȮ8ȮC30B-ZnO-Stearic acid-MBTS-CTP-Silica-EW-Sulphur ŏĮƦĬ 
3-3-0-/,3-0,5-30-10-0Ȯphr 

F+00-40-20)30B őĲĴĵŅĚįĽĴȮBR-NR-NBR ŒĬŀńĨĶŅĽƞĺĬȮ0.-4.-0.ȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĺńĸ+
ėŅœĬŏĞĝńŗĬȮőħĵŏıŇŗĴŒĬĽƞĺĬĔŅĶŏĨŇĴ Cloisite 30B &C30B'ȮŀńĨĶŅĽƞĺĬĔŅĶ
įĽĴŏĨŇĴŐĨƞĚȮ8ȮC30B ZnO-Stearic acid-MBTS-CTP-Silica-EW-Sulphur 
ŏĮƦĬȮ3-3-0-/,3-0,5-30-10-0Ȯphr 
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ĭĪĪňŗȮ2 
įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

ĵŅĚīĶĶĴĝŅĨŇȮ&Natural rubber,ȮNR'ȮĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗőħħŏħƞĬȮŏĝƞĬȮĽĴĭńĨŇħƟŅĬėĺŅĴĵŊħľĵŋƞĬȮ

ĔŅĶĔĶŃħŀĬŐĸŃėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħȮŐĨƞĩŉĚŀĵƞŅĚœĶĵŅĚīĶĶĴĝŅĨŇĵńĚėĚĴňĽĴĭńĨŇĭŅĚĮĶŃĔŅĶĪňŗ

ĨƟŀĚĮĶńĭĮĶŋĚȮŏĝƞĬȮĔŅĶŏĽŊŗŀĴĽĳŅıŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬȮľĶŊŀĔŅĶĭĺĴĨńĺŏĴŊŗŀĽńĴįńĽĔńĭĨńĺĪŜŅĸŃĸŅĵ

ŀŇĬĪĶňĵƢȮĪňŗįƞŅĬĴŅěŉĚœħƟĴňŐĬĺėŇħĴŅĔĴŅĵŒĬĔŅĶĬŜŅĵŅĚŐĨƞĸŃĝĬŇħĴŅįĽĴĔńĬŏıŊŗŀŒľƟœħƟĽĴĭńĨŇĪňŗħňĕŉŘĬĨŅĴ

ĸńĔļĦŃĔŅĶŒĝƟĚŅĬȮőħĵĵŅĚĭŇĺĪŅœħŀňĬȮ&Butadiene rubber,ȮBR'ȮŏĮƦĬĵŅĚĽńĚŏėĶŅŃľƢĪňŗĴňĽĴĭńĨŇĪňŗőħħ

ŏħƞĬėŊŀȮėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĕńħĩŌȮŐĸŃĵŅĚŀŃėĶŇőĸœĬœĨĶĭŇĺĪŅœħŀňĬȮ&Acrylonitrile+butadiene 

rubber, NBR'ȮŏĮƦĬĵŅĚĽńĚŏėĶŅŃľƢĪňŗĴňĕńŘĺĞŉŗĚĪŜŅŒľƟĴňėĺŅĴĪĬĪŅĬĨƞŀĨńĺĪŜŅĸŃĸŅĵŀŇĬĪĶňĵƢȮŒĬĚŅĬĺŇěńĵĬňŘ

ěŉĚĴňŐĬĺėŇħŏıŊŗŀĨƟŀĚĔŅĶĻŉĔļŅĽĴĭńĨŇĕŀĚĵŅĚįĽĴĽŅĴĽƞĺĬȮĞŉŗĚĮĶŃĔŀĭħƟĺĵĵŅĚīĶĶĴĝŅĨŇȮ&ĴňĽĴĭńĨŇħƟŅĬ

ėĺŅĴĵŊħľĵŋƞĬĪňŗħň'ȮĵŅĚĭŇĺĪŅœħŀňĬȮ&ĴňėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĕńħĩŌ'ȮŐĸŃĵŅĚŀŃėĶŇőĸœĬœĨĶĭŇĺĪŅœħŀňĬȮ

&ĪĬĪŅĬĨƞŀĨńĺĪŜŅĸŃĸŅĵĪňŗĴňĕńŘĺ'ȮěŃŏľŖĬĺƞŅŒĬĚŅĬĺŇěńĵĬňŘĴňĔŅĶŒĝƟĵŅĚĪňŗĴňĽĳŅıėĺŅĴŏĮƦĬĕńŘĺĪňŗėƞŀĬĕƞŅĚ

ĨƞŅĚĔńĬĴŅĔȮőħĵĮƤěěńĵĪňŗĽŜŅėńĠĕŀĚĔŅĶįĽĴĵŅĚȮėŊŀȮėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚĵŅĚįĽĴȮĞŉŗĚĽƞĚįĸŀĵƞŅĚĴŅĔĨƞŀ

ĽĴĭńĨŇĨƞŅĚȮŕȮĕŀĚĵŅĚįĽĴȮőħĵĪŜŅĔŅĶĻŉĔļŅĽĴĭńĨŇĕŀĚĵŅĚĔƞŀĬĪŜŅĔŅĶȮvulcanized œĺƟħńĚĬňŘ 

ĸńĔļĦŃĔŅĶįĽĴĕŀĚĵŅĚĪňŗĵńĚœĴƞįƞŅĬĔĶŃĭĺĬĔŅĶȮvulcanization 
ŒĬĔŅĶĻŉĔļŅĵŅĚįĽĴĬńŘĬȮőħĵĪńŗĺœĮĴňĺŇīňĔŅĶįĽĴĵŅĚŐĸŃĽŅĶŏėĴňŒľƟŏĕƟŅĔńĬőħĵĔŅĶįĽĴĵŅĚ

ŐĸŃĽŅĶȮCuring agents ĨƞŅĚȮŕȮħƟĺĵŏėĶŊŗŀĚįĽĴȮTwo+roll millȮŀĵƞŅĚœĶĔŖĨŅĴĔŅĶįĽĴĵŅĚŒľƟŏĕƟŅĔńĬ

ħƟĺĵŏėĶŊŗŀĚįĽĴȮTwo+roll mill œĴƞĽŅĴŅĶĩĪŜŅŒľƟĵŅĚŐĨƞĸŃĝĬŇħįĽĴĔńĬěĬĴňėĺŅĴŏĕƟŅĔńĬœħƟĪňŗħňıŀȮŀňĔ

ĪńŘĚĵŅĚȮBR ŐĸŃȮNBR œĴƞĽŅĴŅĶĩŏĔŅŃĸŌĔĔĸŇŘĚĕŀĚŏėĶŊŗŀĚįĽĴȮTwo+roll millȮœħƟȮ&Form banding 

ĵŅĔ'ȮĞŉŗĚĪŜŅŒľƟĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĨƞŅĚȮŕȮœĴƞĽŅĴŅĶĩĔĶŃěŅĵœħƟĪńŗĺĩŉĚĪŋĔĽƞĺĬĕŀĚĵŅĚȮŒĬĚŅĬĺŇěńĵĬňŘěŉĚ

ĪŜŅĔŅĶįĽĴĵŅĚȮBR-NR-NBRȮŒľƟŏĕƟŅĔńĬĔƞŀĬȮőħĵŒĝƟŏėĶŊŗŀĚįĽĴŐĭĭĮƕħȮ&Internal mixer' 

ěŅĔĔĔŅĶįĽĴĵŅĚħƟĺĵȮInternal mixer ĪŜŅŒľƟœħƟįĸĔŅĶĪħĽŀĭŏĮƦĬĔĶŅĲȮtorque+timeȮĕŀĚ

ĵŅĚįĽĴĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚȮŕȮőħĵĪŜŅĔŅĶįĽĴĪňŗŀŋĦľĳŌĴŇȮ6.Ȯ°C ŏĮƦĬŏĺĸŅȮ4ȮĬŅĪňȮħƟĺĵėĺŅĴŏĶŖĺĶŀĭȮ 

3.ȮĶŀĭĨƞŀĬŅĪňȮĞŉŗĚŐĽħĚœĺƟħńĚĳŅıĪňŗȮ4,1ȮıĭĺƞŅĵŅĚĪŋĔŀńĨĶŅĽƞĺĬĴňėƞŅȮtorque ĪňŗėƞŀĬĕƟŅĚėĚĪňŗŏĴŊŗŀŏĺĸŅ

įƞŅĬœĮĮĶŃĴŅĦȮ2ȮĬŅĪňȮ&240 ĺŇĬŅĪň'ȮĞŉŗĚĽŅĴŅĶĩėŅħĔŅĶœħƟĺƞŅĵŅĚȮBR NR ŐĸŃ NBR ŏĔŇħĔŅĶįĽĴŏĕƟŅ

ĔńĬœħƟŒĬĶŃħńĭľĬŉŗĚȮőħĵŏĴŊŗŀĬŜŅĵŅĚįĽĴŀŀĔěŅĔŏėĶŊŗŀĚįĽĴȮŐĸŃĽńĚŏĔĨĸńļĦŃĪŅĚĔŅĵĳŅıĕŀĚĵŅĚ

įĽĴȮıĭĺƞŅĵŅĚįĽĴȮBR-NR-NBRȮĴňĸńĔļĦŃŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬȮ&Homogeneous'ȮŒĬĪŋĔȮŕȮŀńĨĶŅĽƞĺĬ

ĔŅĶįĽĴ 
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ĳŅıĪňŗȮ4,1ȮĔĶŅĲȮtorque+timeȮőħĵȮA ŏĮƦĬĵŅĚȮBR NR NBR ĪňŗĵńĚœĴƞįƞŅĬĔŅĶȮvulcanizedȮŐĸŃȮB 

ŏĮƦĬĵŅĚįĽĴȮBR-NR-NBRȮĪňŗĵńĚœĴƞįƞŅĬĔŅĶȮvulcanizedȮ 

ŀĵƞŅĚœĶĔŖĨŅĴŏĬŊŗŀĚěŅĔŏėĶŊŗŀĚįĽĴŐĭĭĮƕħȮĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶįĽĴĵŅĚŒľƟŏĕƟŅĔńĬœħƟėĶńŘĚĸŃ

ĮĶŇĴŅĦœĴƞĴŅĔȮ&45 g-batch'ȮĞŉŗĚŒĬĔŅĶįĽĴħƟĺĵȮTwo+roll mil ľĬŉŗĚėĶńŘĚěŜŅŏĮƦĬĨƟŀĚŒĝƟĵŅĚŀĵƞŅĚĬƟŀĵ

ĮĶŃĴŅĦȮ300 g-batchȮŏıŊŗŀŒľƟĽŅĶŏĨŇĴŐĨƞĚĨƞŅĚȮŕȮĔĶŃěŅĵœħƟĪńŗĺĩŉĚȮĪŜŅŒľƟŒĬĚŅĬĺŇěńĵĬňŘœħƟŏĮĸňŗĵĬœĮŒĝƟ

ŏėĶŊŗŀĚĬĺħįĽĴȮ&Kneader mixer'ȮŒĬĔŅĶįĽĴĵŅĚȮĞŉŗĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĽĴĪňŗŒĔĸƟŏėňĵĚĔńĭŏėĶŊŗŀĚ
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įĽĴŐĭĭĮƕħȮőħĵŒĝƟŀŋĦľĳŌĴŇŒĬĔŅĶįĽĴĪňŗȮ6.Ȯ±Ȯ3Ȯ°C ŏĮƦĬŏĺĸŅȮ4ȮĬŅĪňȮěŅĔĬńŘĬĬŜŅĵŅĚĪňŗįƞŅĬĔŅĶĬĺħ

ħƟĺĵȮKneader mixer ĴŅľŅėĺŅĴľĬŊħĴŌĬĬňŗȮ&Mooney viscosity' 

 
ĳŅıĪňŗȮ4,0ȮMooney vicosity ĕŀĚĵŅĚȮBR NR NBR ŐĸŃĵŅĚįĽĴȮBR-NR-NBRȮ 

ĪňŗĵńĚœĴƞįƞŅĬĔŅĶȮvulcanized 
(ıŅĶŅĴŇŏĨŀĶƢĭĬŐĪƞĚĔĶŅĲȮėŊŀȮOne way anova ĞŉŗĚŐĽħĚėĺŅĴŐĨĔĨƞŅĚĪŅĚĽĩŇĨŇȮőħĵĨńĺŀńĔļĶĪňŗŏľĴŊŀĬĔńĬŐĽħĚ
ėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠȮŐĸŃĨńĺŀńĔļĶĪňŗĨƞŅĚĔńĬŐĽħĚėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠ 

ěŅĔĳŅıĪňŗȮ4,0ȮĞŉŗĚŐĽħĚĽĴĭńĨŇėĺŅĴľĬŊħĴŌĬĬňŗȮ&Mooney viscosity'ȮĕŀĚĵŅĚȮŐĸŃĵŅĚįĽĴ

ěŅĔŏėĶŊŗŀĚȮKneader mixerȮĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚȮŕȮőħĵŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚȮBR NR ŐĸŃȮNBR ıĭĺƞŅėƞŅȮ

Mooney viscosityȮĕŀĚĵŅĚȮNR ĴňėƞŅĴŅĔĪňŗĽŋħĪňŗĮĶŃĴŅĦȮ60ȮĶŀĚĴŅėŊŀĵŅĚȮNBR ŐĸŃȮBR ĪňŗȮ25Ȯ

ŐĸŃȮ30 ĨŅĴĸŜŅħńĭȮŐĽħĚŒľƟŏľŖĬĺƞŅľĸńĚěŅĔįƞŅĬĔŅĶĬĺħħƟĺĵŏėĶŊŗŀĚȮKneader mixer ŐĸƟĺȮĵŅĚȮNR 

ĵńĚėĚĴňėĺŅĴľĬŊħĪňŗĽŌĚĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭĵŅĚȮBR ŐĸŃȮNBRȮőħĵėĺŅĴŐĨĔĨƞŅĚĕŀĚėƞŅȮMooney 

viscosityȮŏĮƦĬįĸĴŅěŅĔőėĶĚĽĶƟŅĚőĴŏĸĔŋĸĕŀĚĵŅĚŐĨƞĸŃĝĬŇħĪňŗŐĨĔĨƞŅĚĔńĬȮŀňĔĪńŘĚėƞŅȮMooney 

viscosity ĵńĚĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėĺŅĴĵŅĺĕŀĚĽŅĵőĞƞőĴŏĸĔŋĸĕŀĚĵŅĚŐĨƞĸŃĝĬŇħħƟĺĵȮĔĸƞŅĺėŊŀĵŅĚĪňŗĴňėƞŅȮ

Mooney viscosity ĴŅĔěŃĴňĽŅĵőĞƞőĴŏĸĔŋĸĪňŗĵŅĺĔĺƞŅĵŅĚĪňŗĴňėƞŅȮMooney viscosity ĬƟŀĵȮĪŜŅŒľƟĵŅĚ

ĪňŗĴňȮMooney viscosity ĬƟŀĵĽŅĴŅĶĩœľĸœħƟħňȮĽƞĚįĸŒľƟĔŅĶĔĶŃěŅĵĨńĺĕŀĚĽŅĶȮCuring agents  

ĨƞŅĚȮŕȮĽŅĴŅĶĩĔĶŃěŅĵĨńĺœħƟħňĨŅĴœĮħƟĺĵȮőħĵŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚįĽĴıĭĺƞŅėƞŅȮMooney viscosityȮ

ĴňėƞŅĽŌĚĕŉŘĬȮŏĴŊŗŀŒĬĶŃĭĭįĽĴĴňĮĶŇĴŅĦĵŅĚȮNRȮŏıŇŗĴĕŉŘĬ 
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ěŅĔĬńŘĬĬŜŅĵŅĚĪňŗįĽĴŏĕƟŅĔńĬŐĸƟĺœĮŏĨŇĴĽŅĶȮCuring agentsȮőħĵŒĝƟŏėĶŊŗŀĚįĽĴȮTwo+roll millȮ

ĨŅĴĔĶŃĭĺĬĔŅĶĪňŗœħƟĔĸƞŅĺĴŅħńĚĳŅıĪňŗȮ3,1ȮŏıŊŗŀĬŜŅœĮĕŉŘĬĶŌĮŐĸŃĪħĽŀĭĽĴĭńĨŇĨƞŅĚȮŕ 

2,/ȮĨŀĬĪňŗȮ/ȮĔŅĶĻŉĔļŅĵŅĚȮBR NR NBR ŐĸŃĵŅĚįĽĴȮBR-NR-NBR 
ŒĬĚŅĬĺŇěńĵĬňŘŒĝƟȮSulphur ŏĮƦĬĽŅĶĪňŗĪŜŅŒľƟŏĔŇħĔŅĶŏĝŊŗŀĴĕĺŅĚȮ&Vulcanizing agent'ȮőħĵŒĝƟ

ĶŃĭĭĔŅĶȮVulcanized ŐĭĭĮĔĨŇȮ&Conventional Vulcanized System, C,V,'ȮőħĵŏĸŊŀĔŒĝƟȮMBTS 

ŏĮƦĬĽŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅȮ&Accelerator'ȮŐĸŃĴňŀńĨĶŅĽƞĺĬĕŀĚĽŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅĨƞŀĽŅĶĪňŗĪŜŅŒľƟŏĔŇħĔŅĶŏĝŊŗŀĴ

ĕĺŅĚȮ&Accelerator-Sulphur ratio'ȮŏĮƦĬȮ.,53ȮĞŉŗĚĪŜŅŒľƟœħƟıńĬīŃŏĝŊŗŀĴőĵĚŏĮƦĬŐĭĭĴŅĔĔĺƞŅľĬŉŗĚ

ŀŃĨŀĴĨƞŀľĬŉŗĚıńĬīŃȮ&polysulphidic crosslink'ȮY/.[ȮőħĵœħƟŐĽħĚĽĴĭńĨŇĨƞŅĚȮŕȮĕŀĚĵŅĚȮBR NR 

NBR ŐĸŃĵŅĚįĽĴȮBR-NR-NBRȮĪňŗįƞŅĬĔŅĶȮVulcanized œĺƟħńĚĨƞŀœĮĬňŘ 

2,/,/ȮCure characteristic ĕŀĚĵŅĚėŀĴĮŅĺħƢȮBR NR NBR ŐĸŃėŀĴĮŅĺħƢĕŀĚĵŅĚ

įĽĴȮBR-NR-NBRȮ 

ŒĬĔŅĶĕŉŘĬĶŌĮĵŅĚĬńŘĬěŜŅŏĮƦĬĨƟŀĚĪĶŅĭĩŉĚĶŃĵŃŏĺĸŅŒĬĔŅĶŏĔŇħĔĶŃĭĺĬĔŅĶŏĝŊŗŀĴĕĺŅĚĕŀĚĵŅĚȮ

ĪŜŅŒľƟĨƟŀĚĴňĔŅĶĻŉĔļŅŏĺĸŅĔŅĶĕŉŘĬĶŌĮįƞŅĬĔŅĶĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮMoving die rheometerȮ&MDR'Ȯ

őħĵĶŃĵŃŏĺĸŅŒĬĔŅĶŏĔŇħĔĶŃĭĺĬĔŅĶŏĝŊŗŀĴĕĺŅĚĬńŘĬĕŉŘĬŀĵŌƞĔńĭėĺŅĴĽŅĴŅĶĩĕŀĚĔŅĶĸŃĸŅĵĕŀĚĽŅĶȮ

Curing agents ĨƞŅĚȮŕȮŒĬĵŅĚŐĨƞĸŃĝĬŇħȮĪńŘĚĬňŘŏĬŊŗŀĚěŅĔŒĬĚŅĬĺŇěńĵĬňŘŒĝƟĵŅĚŐĨƞĸŃĝĬŇħĪňŗĴňėĺŅĴ

ŐĨĔĨƞŅĚĪŅĚĽĳŅıĕńŘĺĔńĬŀĵƞŅĚĝńħŏěĬȮĞŉŗĚĽƞĚįĸŀĵƞŅĚĴŅĔĨƞŀĶŃĵŃŏĺĸŅŒĬĔŅĶŏĔŇħĔĶŃĭĺĬĔŅĶŏĝŊŗŀĴ

ĕĺŅĚȮ&Scorch time, Cure time ŐĸŃȮCure rate index'ȮŐĸŃĮĶŇĴŅĦĔŅĶŏĔŇħĔŅĶŏĝŊŗŀĴĕĺŅĚȮ

&Crosslink density' 

ĨŅĶŅĚĪňŗȮ4,1ȮCure characteristics ĕŀĚĵŅĚėŀĴĮŅĺħƢȮBR NR NBR ŐĸŃėŀĴĮŅĺħƢĕŀĚĵŅĚįĽĴȮ
BR-NR-NBRȮ 
  
  

ĽŌĨĶĵŅĚėŀĴĮŅĺħƢȮŐĸŃėŀĴĮŅĺħƢĕŀĚĵŅĚįĽĴȮBR-NR-NBR 
BR NR NBR 6.-.-0. 4.-0.-0. 2.-2.-0. 0.-4.-0. 0-80-20 

ts2 
YminȮ8Ȯsec[ 

12806  
± 0815 

3835Ȯ 
± 0802 

5844 
±0804 

10820 
± 0807 

3823 
± 0801 

2828 
± 0801 

2808 
± 0801 

1858 
± 0801 

tc90 

YminȮ8Ȯsec[ 

18831  
± 0801 

5802 
± 0802 

7823 
±0810 

14805 
± 0819 

5824 
± 0801 

3857 
± 0805 

3830 
± 0803 

3813 
± 0802 

CRI 16,0 59,7 55,7 24,. 49,6 77,5 80,. 64,5 

Ƈtorque 
YdNm[ 

1,47 
± 0,05 

0,87 
± 0,04 

0,76 
±0,03 

0,93 
± 0,05 

1,61 
± 0,03 

1,66 
± 0,.6 

1,54 
± 0,.4 

1,69 
±Ȯ.,.1 
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ěŅĔĨŅĶŅĚĪňŗȮ4,1ȮŏĴŊŗŀıŇěŅĶĦŅĪňŗėƞŅȮScorch time &ts2'ȮŐĸŃėƞŅȮCure time &tc90'Ȯőħĵ

ĽŜŅľĶńĭĵŅĚȮBR NR ŐĸŃȮNBR ıĭĺƞŅėƞŅȮScorch time ŐĸŃėƞŅȮCure time ĕŀĚĵŅĚȮNR ĴňėƞŅĬƟŀĵĪňŗĽŋħȮ

ĶŀĚĸĚĴŅėŊŀȮNBR ŐĸŃȮBR ĨŅĴĸŜŅħńĭȮőħĵĽŜŅľĶńĭĵŅĚįĽĴıĭĺƞŅėƞŅȮScorch time ŐĸŃėƞŅȮCure 

time ĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦĵŅĚȮNR ŒĬĶŃĭĭįĽĴŏıŇŗĴĕŉŘĬ 

ěŅĔĬńŘĬŏĴŊŗŀıŇěŅĶĦŅĪňŗėĺŅĴŏĶŖĺŒĬĔŅĶŏĔŇħĔĶŃĭĺĬĔŅĶȮVulcanizedȮ&Cure rate index, 

CRI'ȮőħĵĽŜŅľĶńĭĵŅĚȮBR NR ŐĸŃȮNBR ıĭĺƞŅėƞŅ CRIȮĕŀĚĵŅĚȮNRȮĴňėƞŅĴŅĔĪňŗĽŋħȮĶŀĚĴŅėŊŀĵŅĚȮNBR 

ŐĸŃȮBR ĨŅĴĸŜŅħńĭȮĞŉŗĚěŃŏľŖĬĺƞŅĵŅĚȮBR ŏĔŇħĔĶŃĭĺĬĔŅĶȮVulcanizedȮĝƟŅĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭĵŅĚŀŊŗĬȮŕȮ

ŏĬŊŗŀĚěŅĔĵŅĚȮBR ĴňĽŅĵőĞƞőĴŏĸĔŋĸĪňŗĽńŘĬĔĺƞŅĵŅĚȮNR ŐĸŃȮNBRȮĪŜŅŒľƟĵŅĚȮBR ĴňĮĶŇĴŅĦľĴŌƞĮĸŅĵȮ&end 

group'ȮŀĵŌƞĴŅĔĪŜŅŒľƟĴňȮfree volume ŒĬŏĬŊŘŀĵŅĚŀĵŌƞĴŅĔȮĽƞĚįĸŒľƟőŀĔŅĽĪňŗȮSulphurȮĽŅĴŅĶĩœĮȮ

active ĔńĭĵŅĚŏĔŇħœħƟĵŅĔĕŉŘĬȮőħĵĽŜŅľĶńĭĵŅĚįĽĴıĭĺƞŅĵŅĚįĽĴĪňŗĴňĮĶŇĴŅĦȮNR ŒĬĶŃĭĭįĽĴĴŅĔ

ĽŅĴŅĶĩŏĔŇħĔĶŃĭĺĬĔŅĶȮVulcanizedȮœħƟŏĶŖĺĔĺƞŅĵŅĚįĽĴĪňŗĴňĮĶŇĴŅĦȮNR ŒĬĶŃĭĭįĽĴĬƟŀĵ 

ĪńŘĚĬňŘěŅĔįĸĔŅĶĪħĽŀĭėƞŅ Scorch time ėƞŅȮCure time ŐĸŃėƞŅȮCRI ŐĽħĚŒľƟŏľŖĬĺƞŅŏĴŊŗŀĴň

ĔŅĶŏĨŇĴĵŅĚȮNBR ĸĚŒĬĵŅĚȮBR ŐĸŃ NR ěŃĽƞĚįĸŀĵƞŅĚĵŇŗĚĨƞŀėĺŅĴŏĶŖĺŒĬĔŅĶŏĔŇħĔĶŃĭĺĬĔŅĶȮ

VulcanizedȮőħĵŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚįĽĴȮBR-NR-NBR 8Ȯ0-80-20ȮĞŉŗĚŏĮƦĬĵŅĚȮNR ĪňŗĴňĔŅĶįĽĴĵŅĚȮ

NBR œĮȮ0.Ȯ#wt ěŃŏľŖĬĺƞŅėƞŅȮScorch time ŐĸŃėƞŅȮCure timeȮĴňėƞŅĸħĸĚŀĵƞŅĚĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭ

ĵŅĚȮNRȮŐĸŃȮNBRȮĪńŘĚĬňŘŏĬŊŗŀĚĴŅěŅĔĔŅĶŏĔŇħĔĶŃĭĺĬĔŅĶȮVulcanizedȮĬńŘĬȮĽŅĶȮActivator ěŃ

ŏĔŇħĮĢŇĔŇĶŇĵŅĔńĬœħƟŏĮƦĬȮZn2)ȮŐĸŃœĮȮform complex ĔńĭȮAccelerator ĞŉŗĚȮcomplex ĪňŗœħƟĽŅĴŅĶĩ

ŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭȮSulphur œħƟĚƞŅĵȮěŅĔĬńŘĬěŃœĮŏĔŇħĮĢŇĔŇĶŇĵŅĵŅĔńĭľĴŌƞȮactive ĭĶŇŏĺĦȮdouble bondȮ

&ľĴŌƞȮVinyl'ȮĕŀĚĵŅĚĪŜŅŒľƟŏĔŇħĔŅĶŏĝŊŗŀĴĕĺŅĚĶŃľĺƞŅĚőĴŏĸĔŋĸĵŅĚȮőħĵȮAcceleratorȮŐĸŃȮActivatorȮĪňŗ

ŒĝƟŒĬĚŅĬĺŇěńĵĬňŘėŊŀȮMBTS ZnO ŐĸŃȮstearic acidȮĞŉŗĚĸƟĺĬŏĮƦĬĽŅĶĪňŗĴňĕńŘĺȮĪŜŅŒľƟĽŅĴŅĶĩĸŃĸŅĵœħƟħňŒĬ

ĽƞĺĬĕŀĚĵŅĚȮNBR ĴŅĔĔĺƞŅĵŅĚȮNR ŐĸŃȮBR ĽƞĚįĸŒľƟĵŅĚįĽĴěŃĴň Sulphur ĔĶŃěŅĵŀĵŌƞĴŅĔŒĬĽƞĺĬ

ĕŀĚĵŅĚȮBR ŐĸŃȮNR ŐĨƞȮAccelerator ěŃĔĶŃěŅĵŀĵŌƞĴŅĔŒĬĽƞĺĬĕŀĚĵŅĚȮNBR ŐĸŃħƟĺĵĔŅĶĪňŗĵŅĚ

įĽĴĴňĽƞĺĬĕŀĚŏĬŊŘŀĵŅĚȮBR ŐĸŃȮNRȮĪňŗĴňĮĶŇĴŅĦĸħĸĚȮ&ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĬŘŜŅľĬńĔĪňŗŏĪƞŅĔńĬĕŀĚĵŅĚȮBR 

NR ĔńĭȮĵŅĚįĽĴ'ȮĪŜŅŒľƟĔŅĶŏĔŇħĔĶŃĭĺĬĔŅĶȮVulcanizedȮĕŀĚĵŅĚįĽĴȮ&ĞŉŗĚĴňĔŅĶįĽĴĵŅĚȮNBR 20 

#wtȮĪŋĔŀńĨĶŅĽƞĺĬįĽĴ'ȮĽŅĴŅĶĩŏĔŇħœħƟŏĶŖĺĕŉŘĬŏĴŊŗŀĴňĔŅĶįĽĴĵŅĚȮNBR ĸĚŒĬĵŅĚȮNR ŐĸŃȮBRȮY06[Ȯ

ĽƞĚįĸĪŜŅŒľƟėƞŅȮScorch time ŐĸŃėƞŅȮCure timeȮĴňėƞŅĸħĸĚȮŐĸŃĪŜŅŒľƟėƞŅȮCRIȮĴňėƞŅŏıŇŗĴĕŉŘĬĨŅĴœĮħƟĺĵȮ

ŀňĔĪńŘĚ Sulphur ĭŅĚĽƞĺĬŀŅěœĮŏĔŇħĮĢŇĔŇĶŇĵŅĵŅĔńĭľĴŌƞȮAcrylonitrileȮĕŀĚĵŅĚȮNBR ĪŜŅŒľƟĔŅĶȮ

Crosslink ŏĔŇħœħƟŏĶŖĺĵŇŗĚĕŉŘĬŀňĔħƟĺĵȮY07[Ȯ 
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ěŅĔĬńŘĬŏĴŊŗŀıŇěŅĶĦŅĪňŗėƞŅȮƇtorque ĞŉŗĚĽŅĴŅĶĩėŜŅĬĺĦœħƟěŅĔįĸĨƞŅĚĕŀĚėƞŅȮtorque ĪňŗĴŅĔ

ĪňŗĽŋħȮ&Maximum torque, MH'ȮĔńĭėƞŅȮtorque ĪňŗĬƟŀĵĪňŗĽŋħȮ&Minimum torque, ML'ȮőħĵėƞŅȮ

ƇtorqueȮĬńŘĬĴňėĺŅĴĽŀħėĸƟŀĚĔńĭĮĶŇĴŅĦőėĶĚĽĶƟŅĚŏĝŊŗŀĴĕĺŅĚŒĬĵŅĚȮ&Crosslink density'ȮĔĸƞŅĺėŊŀȮ

ĵŅĚĪňŗĴňȮƇtorqueȮĴŅĔŏĮƦĬĵŅĚĪňŗĴňȮCrosslink densityȮĴŅĔĔĺƞŅĵŅĚĪňŗĴňȮƇtorqueȮĬƟŀĵȮőħĵěŅĔįĸ

ĔŅĶĪħĽŀĭĞŉŗĚŐĽħĚœĺƟħńĚĨŅĶŅĚĪňŗȮ4,1ȮŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚȮBR NR ŐĸŃȮNBR ıĭĺƞŅėƞŅȮƇtorqueȮĕŀĚ

ĵŅĚȮBR ĴňėƞŅĴŅĔĪňŗĽŋħȮĶŀĚĴŅėŊŀĵŅĚȮNR ŐĸŃȮNBR ĨŅĴĸŜŅħńĭȮőħĵĽŜŅľĶńĭĵŅĚįĽĴıĭĺƞŅėƞŅȮƇtorqueȮ

ĕŀĚĵŅĚįĽĴĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦĵŅĚȮNR ŒĬĶŃĭĭįĽĴŏıŇŗĴĕŉŘĬȮĪńŘĚĬňŘŒĬĶŃĭĭįĽĴȮBR-NR-NBR 

ĵŅĚŐĨƞĸŃĝĬŇħĴňĽĳŅıĕńŘĺĪňŗėƞŀĬĕƟŅĚŐĨĔĨƞŅĚĔńĬȮĪŜŅŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸŃĸŅĵĕŀĚĽŅĶȮCuring 

agents ŒĬĵŅĚŐĨƞĸŃĝĬŇħœĴƞŏĪƞŅĔńĬȮőħĵĵŅĚȮNR ŏĮƦĬĵŅĚĪňŗœħƟěŅĔĵŅĚīĶĶĴĝŅĨŇȮĪŜŅŒľƟĵńĚėĚĴňĽƞĺĬĕŀĚ

œĕĴńĬȮľĶŊŀőĮĶĨňĬŏľĸŊŀŀĵŌƞȮěŉĚĪŜŅŒľƟĵŅĚȮNR ĴňėĺŅĴŏĮƦĬĕńŘĺĪňŗĴŅĔĔĺƞŅĵŅĚȮBRȮĞŉŗĚŏĮƦĬĵŅĚĪňŗœħƟěŅĔĔŅĶ

ĽńĚŏėĶŅŃľƢȮŐĸŃħƟĺĵĽĳŅıėĺŅĴŏĮƦĬĕńŘĺĕŀĚĵŅĚȮNR ĪňŗĴŅĔĔĺƞŅĵŅĚȮBRȮĽƞĚįĸŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ

ĸŃĸŅĵĕŀĚĽŅĶȮCuring agents ĽŅĴŅĶĩĸŃĸŅĵŒĬĵŅĚȮNR œħƟħňĔĺƞŅĵŅĚȮBRȮĪŜŅŒľƟŒĬĵŅĚįĽĴŏĴŊŗŀĴň

ĮĶŇĴŅĦĵŅĚȮNRȮŏıŇŗĴĴŅĔĕŉŘĬȮĵŅĚįĽĴěŃĴňȮCrosslink densityȮŏıŇŗĴĴŅĔĕŉŘĬŏĝƞĬĔńĬȮĞŉŗĚěŃŏľŖĬĺƞŅėƞŅȮ

ƇtorqueȮĴňėƞŅŏıŇŗĴĕŉŘĬȮŏĴŊŗŀĮĶŇĴŅĦȮNR ŒĬĶŃĭĭįĽĴŏıŇŗĴĕŉŘĬ 

ěŅĔįĸĔŅĶĪħĽŀĭȮCure characteristic ŐĽħĚŒľƟŏľŖĬĺƞŅĺńĢĳŅėľĸńĔĕŀĚĵŅĚįĽĴȮŐĸŃĝĬŇħ

ĕŀĚĽŅĶȮCuring agents ĪňŗŒĝƟěŃŏĮƦĬĨńĺĔŜŅľĬħėĺŅĴŏĶŖĺŒĬĔŅĶŏĔŇħĔĶŃĭĺĬĔŅĶĺńĸėŅœĬĞƢȮŐĸŃ

ĮĶŇĴŅĦȮCrosslink densityȮĕŀĚĵŅĚįĽĴŐĨƞĸŃŀńĨĶŅĽƞĺĬȮĞŉŗĚĽĴĭńĨŇŏľĸƞŅĬňŘĽƞĚįĸŀĵƞŅĚĵŇŗĚĨƞŀĽĴĭńĨŇ

ŏĝŇĚĔĸĕŀĚĵŅĚȮBR NR NBR ŐĸŃȮĵŅĚįĽĴȮBR-NR-NBR ĪňŗįƞŅĬĔŅĶȮVulcanized ŐĸƟĺ 

ŀĵƞŅĚœĶĔŖĨŅĴŏıŊŗŀŒľƟŏĔŇħėĺŅĴŏĕƟŅŒěŒĬĔŅĶĺŇŏėĶŅŃľƢĽĴĭńĨŇŏĝŇĚĔĸĨƞŅĚȮŕȮěŜŅŏĮƦĬŀĵƞŅĚĵŇŗĚĪňŗĨƟŀĚ

ĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĵŅĚȮBR NR NBR ŐĸŃĵŅĚįĽĴȮBR-NR-NBRȮŏıŊŗŀŒľƟĪĶŅĭĩŉĚ

ĸńĔļĦŃĪŅĚĔŅĵĕŀĚŏĬŊŘŀĵŅĚŐĨƞĸŃŀńĨĶŅĽƞĺĬȮőħĵœħƟŐĽħĚįĸĔŅĶĻŉĔļŅœĺƟħńĚĬňŘ 
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2,/,0ȮĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĵŅĚȮBR NR NBR ŐĸŃĵŅĚįĽĴ BR-NR-NBRȮ

ĪňŗįƞŅĬĔŅĶȮVulcanized 

Ȯ  

Ȯ  

Ȯ

Ȯ  
ĳŅıĪňŗȮ4,3ȮĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĵŅĚȮBR NR NBR ŐĸŃĵŅĚįĽĴ BR-NR-NBRȮ 

ĪňŗįƞŅĬĔŅĶȮVulcanized ŐĸƟĺ 

 

B+BR B+NR 

B+NBR B+80-.-0. 

B+6.-2.-0. B+4.-4.-2. 

B+2.-6.-2. B+0-8.-2. 
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ěŅĔĳŅıĪňŗȮ4,3ȮĞŉŗĚŐĽħĚĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĵŅĚįĽĴĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚȮŕȮőħĵıĭĺƞŅ

ĵŅĚȮBR NR ŐĸŃȮNBR ĴňĸńĔļĦŃŏĮƦĬįŇĺĶŅĭŏĶňĵĭȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚįĽĴıĭĺƞŅĵŅĚįĽĴŐĽħĚĔŅĶ

ŐĵĔĺńĢĳŅėĔńĬŀĵƞŅĚĝńħŏěĬȮĞŉŗĚŏĔŇħěŅĔĔŅĶĪňŗĵŅĚȮNBRȮĴňĽĳŅıĕńŘĺĪňŗŐĨĔĨƞŅĚĔńĬĔńĭĵŅĚȮBR ŐĸŃȮNR 

őħĵěŃŏľŖĬĺƞŅŏĔŇħĔŅĶŐĭƞĚŏĮƦĬĽŀĚĺńĢĳŅėĪňŗŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĝńħŏěĬȮėŊŀȮĽƞĺĬĪňŗĶŅĭŏĶňĵĭȮ

&Continuous phase'ȮŐĸŃĽƞĺĬĪňŗŏĮƦĬĔƟŀĬŀĬŋĳŅėȮ&Droplets phase'ȮĞŉŗĚĔĶŃěŅĵĨńĺŀĵŌƞĪńŗĺĭĶŇŏĺĦ

ĽƞĺĬĪňŗĶŅĭŏĶňĵĭȮőħĵŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚįĽĴȮ&BR-NR-NBR'ȮB+80-.-0.ȮŐĸŃȮB+0-8.-2.Ȯ&ĵŅĚȮBR 

ŐĸŃȮNRȮĪňŗĴňĔŅĶįĽĴĵŅĚȮNBR 20 #wt'ȮĴňĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅŏĮƦĬŐĭĭĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬĪńŘĚ

ĽŀĚŀńĨĶŅĽƞĺĬȮĬńŗĬŐĽħĚŒľƟŏľŖĬĺƞŅĽƞĺĬĪňŗŏĮƦĬȮContinuous phaseȮėŊŀĽƞĺĬĕŀĚĵŅĚȮBR ŐĸŃȮNR ŐĸŃ

ĽƞĺĬĪňŗŏĮƦĬȮDroplets phaseȮŏĮƦĬĽƞĺĬĕŀĚĵŅĚȮNBRȮőħĵĽŜŅľĶńĭĵŅĚįĽĴĽŅĴĽƞĺĬȮ&B+6.-2.-2.,Ȯ 

B+4.-4.-2.ȮŐĸŃȮB+2.-6.-2.'ȮĴňĽƞĺĬĪňŗŏĮƦĬȮContinuous phaseȮėŊŀĽƞĺĬĕŀĚĵŅĚįĽĴȮBR-NRȮĪńŘĚĬňŘ

ŏĬŊŗŀĚĴŅěŅĔĔŅĶĪňŗĵŅĚȮBR ĔńĭȮNR ĬńŘĬĽŅĴŅĶĩŏĕƟŅĔńĬœħƟħňĔĺƞŅĵŅĚȮBR ĔńĭȮNBR ľĶŊŀĵŅĚȮNRȮĔńĭ NBR 

ĞŉŗĚĽŅĴŅĶĩĵŊĬĵńĬĕƟŀĽĶŋĮĬňŘœħƟħƟĺĵėƞŅȮSolubility parameterȮĕŀĚĵŅĚŐĨƞĸŃĝĬŇħȮőħĵėƞŅȮSolubility 

parameterȮŏĮƦĬėƞŅĪňŗĭƞĚĭŀĔėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸŃĸŅĵȮőħĵĽŅĶĪňŗĴňėƞŅȮSolubility parameterȮȮ

ŒĔĸƟŏėňĵĚĔńĬȮĽŅĴŅĶĩįĽĴŏĕƟŅĔńĬœħƟħňĔĺƞŅĽŅĶĪňŗĴňėƞŅ Solubility parameterȮĪňŗŐĨĔĨƞŅĚĔńĬȮőħĵĵŅĚȮ

BR ĴňėƞŅȮSolubility parameterȮ|Ȯ&/4,5ȮJ-cm1'/-0ȮĞŉŗĚĴňėƞŅŒĔĸƟŏėňĵĚĔńĭĵŅĚȮNR ėŊŀȮ 

|Ȯ&16,9 J-cm1'/-0ȮŒĬĕĦŃĪňŗĵŅĚȮNBR ĴňėƞŅȮSolubility parameterȮ|Ȯ&20,2 J-cm1'/-0,ȮY30, 31[Ȯ 

ŀňĔĪńŘĚŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚįĽĴȮB+80-0-20ȮőħĵŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦĵŅĚȮNR ŒĬĶŃĭĭįĽĴœĮȮ

20 #wt ľĶŊŀĪňŗĵŅĚįĽĴȮB+60-20-20ȮıĭĺƞŅĕĬŅħŀĬŋĳŅėĕŀĚĵŅĚȮNBR ĪňŗĔĶŃěŅĵŀĵŌƞĴňĕĬŅħŏĸŖĔĸĚȮ

ĞŉŗĚŏĮƦĬįĸěŅĔėƞŅėĺŅĴľĬŊħĕŀĚĵŅĚȮNR ĪňŗĴňėƞŅĽŌĚȮĪŜŅŒľƟŏĔŇħŐĶĚŏĜŊŀĬĕĦŃįĽĴĪňŗĽŌĚĕŉŘĬȮĽƞĚįĸŒľƟĕĬŅħ

ŀĬŋĳŅėĕŀĚȮNBR ĴňĕĬŅħĪňŗŏĸŖĔĸĚȮŐĸŃŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦĵŅĚȮNR ŒĬĶŃĭĭįĽĴĽŌĚĕŉŘĬȮĽƞĚįĸŒľƟĕĦŃįĽĴ

ŏĔŇħŐĶĚŏĜŊŀĬĪňŗĽŌĚĕŉŘĬȮĪŜŅŒľƟĕĬŅħŀĬŋĳŅėĕŀĚȮNBR ĵŇŗĚĴňĕĬŅħĸħĸĚ 

ěŅĔĬńŘĬŏĮƦĬĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĵŅĚįĽĴȮőħĵěŃĪŜŅĔŅĶĪħĽŀĭėĺŅĴĪĬĪŅĬĨƞŀŐĶĚ

ħŉĚĵŊħȮėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħȮėĺŅĴŐĕŖĚȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħĨńĺĩŅĺĶȮŐĸŃėĺŅĴĪĬĪŅĬĨƞŀ

ŀŋĦľĳŌĴŇȮőħĵŏĶŇŗĴěŅĔıķĨŇĔĶĶĴĳŅĵŒĨƟŐĶĚħŉĚőħĵœħƟŐĽħĚįĸĔŅĶĪħĸŀĚħńĚĳŅıĪňŗȮ4,4 
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2,/,1ȮĻŉĔļŅıķĨŇĔĶĶĴĳŅĵŒĨƟŐĶĚħŉĚĕŀĚĵŅĚȮBR NR NBR ŐĸŃĵŅĚįĽĴ BR-NR-NBRȮĪňŗ

įƞŅĬĔŅĶȮVulcanized 

 

 
ĳŅıĪňŗȮ4,4ȮStress+strain curve őħĵȮA ėŊŀȮĵŅĚȮBR NR NBR ŐĸŃȮ 

B ėŊŀȮĵŅĚįĽĴ BR-NR-NBR ĪňŗįƞŅĬĔŅĶȮVulcanized 
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ŏĴŊŗŀĽŅĵőĞƞőĴŏĸĔŋĸĕŀĚĵŅĚĩŌĔħŉĚĵŊħȮŐĸŃŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺĨŅĴŐĬĺŐĶĚȮĽƞĚįĸŒľƟĵŅĚĴňėƞŅȮ

Tensile strength ĪňŗĽŌĚĕŉŘĬŀĵƞŅĚĴŅĔȮŏĶňĵĔıķĨŇĔĶĶĴĬňŘĺƞŅȮStrain induced crystallizationȮĞŉŗĚĽńĚŏĔĨ

œħƟěŅĔĔŅĶŏĮĸňŗĵĬŐĮĸĚėĺŅĴĝńĬŀĵƞŅĚĶĺħŏĶŖĺŒĬĝƞĺĚĪƟŅĵĕŀĚĔĶŅĲȮStress+strain curveȮY19[Ȯ 

ěŅĔĳŅıĪňŗȮ4,4ȮĞŉŗĚŐĽħĚȮStress+strain curve ĕŀĚĵŅĚŐĨƞĸŃŀńĨĶŅĽƞĺĬȮőħĵŏĴŊŗŀıŇěŅĶĦŅĪňŗ 

ĳŅıĪňŗȮ4,4A ĞŉŗĚŐĽħĚȮStress+strain curve ĕŀĚĵŅĚȮBR NR ŐĸŃȮNBR ıĭĺƞŅĵŅĚȮBR ŐĸŃȮNBR œĴƞ

ĮĶŅĔĢıķĨŇĔĶĶĴȮStrain induced crystallizationȮŏĬŊŗŀĚěŅĔĵŅĚĪńŘĚĽŀĚŏĮƦĬȮButadiene baseȮ

ŒĬĕĦŃĪňŗĵŅĚ NR ĽŅĴŅĶĩŏĔŇħȮStrain induced crystallizationȮœħƟȮŏĬŊŗŀĚěŅĔŏĮƦĬȮIsoprene baseȮ

ĽƞĚįĸĪŜŅŒľƟĵŅĚįĽĴĪňŗĴňĮĶŇĴŅĦĵŅĚȮNR įĽĴŀĵŌƞĴŅĔȮŐĽħĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħœħƟĽŌĚȮŐĸŃěŅĔĳŅı

ĪňŗȮ4,4B ĞŉŗĚŐĽħĚȮStress+strain curve ĕŀĚĵŅĚįĽĴȮĽńĚŏĔĨŏľŖĬĺƞŅĵŅĚįĽĴŀńĨĶŅĽƞĺĬȮ&BR-NR-NBR'Ȯ

B+0.-4.-0.ȮŐĸŃȮB+0-80-20ȮĴňıķĨŇĔĶĶĴĔŅĶŏĔŇħȮStrain induced crystallizationȮŀĵƞŅĚĝńħŏěĬȮ

ĪŜŅŒľƟĵŅĚįĽĴĪńŘĚĽŀĚŀńĨĶŅĽƞĺĬĴňȮTensile stress ŐĸŃȮTensile strain ĪňŗĽŌĚĴŅĔ 

 
ĳŅıĪňŗȮ4,5ȮSecant modulus ĕŀĚĵŅĚȮBR NR NBR ŐĸŃĵŅĚįĽĴ BR-NR-NBRȮ 

ĪňŗįƞŅĬĔŅĶȮVulcanized 
(Oneway anowaȮ&ıŅĶŅĴŇŏĨŀĶƢĭĬŐĪƞĚĔĶŅĲ'8ȮA+F ŐĽħĚėĺŅĴŐĨĔĨƞŅĚĕŀĚȮModulus at 100 #strain,  
a+d ŐĽħĚėĺŅĴŐĨĔĨƞŅĚĕŀĚȮModulus at 200 #strain, aŲ+dŲȮŐĽħĚėĺŅĴŐĨĔĨƞŅĚĕŀĚȮModulus at 300 
#strain 
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ėƞŅȮSacant modulusȮŏĮƦĬŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚȮTensile stress Ĩƞŀ Tensile strain őħĵěŅĔ

ĳŅıĪňŗȮ4,5ȮĞŉŗĚŐĽħĚėƞŅȮSacant modulus Īňŗ 100 200 ŐĸŃȮ300 #strainȮőħĵėƞŅ Sacant modulusȮ

ŏĮƦĬėƞŅĪňŗŒĝƟĭŀĔėĺŅĴŐĕŖĚĕŀĚŏĬŊŘŀĵŅĚȮĞŉŗĚĵŅĚĪňŗėƞŅȮSacant modulusȮĽŌĚȮěŃĴňŏĬŊŘŀĵŅĚŐĕŖĚĔĺƞŅĵŅĚĪňŗĴň

ėƞŅȮModulus ĨŗŜŅȮěŅĔįĸĔŅĶĪħĽŀĭıĭĺƞŅĵŅĚĪŋĔŀńĨĶŅĽƞĺĬĴňėƞŅȮSecantȮmodulus ĸħĸĚŏĴŊŗŀȮ

#strain ŏıŇŗĴĕŉŘĬȮőħĵŏĴŊŗŀıŇěŅĶĦŅėƞŅȮSecant modulusȮĕŀĚĵŅĚȮBR NR ŐĸŃȮNBR ıĭĺƞŅĵŅĚȮNBR 

ĴňėƞŅȮSecantȮmodulus ĪňŗĽŌĚĪňŗĽŋħȮŏĬŊŗŀĚěŅĔĵŅĚȮNBR ŏĮƦĬĵŅĚĪňŗĴňĕńŘĺĽŌĚȮěŅĔĔŅĶĪňŗĴňľĴŌƞȮAcrylonitrile 

ŒĬőėĶĚĽĶƟŅĚȮĪŜŅŒľƟĴňėĺŅĴŐĕŖĚĪňŗĽŌĚĔĺƞŅĵŅĚȮBR ŐĸŃȮNRȮĽƞĚįĸŒľƟŒĬĵŅĚįĽĴĞŉŗĚĴňĔŅĶŏĨŇĴĵŅĚȮNBRȮ0.Ȯ

#wtȮŒĬĪŋĔŀńĨĶŅĽƞĺĬįĽĴȮĴňėƞŅȮSecant modulus ĪňŗĽŌĚĕŉŘĬȮŏĴŊŗŀŏĪňĵĭĔńĭĵŅĚȮBR ŐĸŃȮNRȮŒĬĕĦŃĪňŗ

ėƞŅȮSecant modulusȮĕŀĚĵŅĚȮBR ĽŌĚĔĺƞŅĵŅĚȮNR ĪŜŅŒľƟėƞŅȮSecant modulusȮĕŀĚĵŅĚįĽĴěŃĴňėƞŅ

ĸħĸĚŏĸŖĔĬƟŀĵȮŏĴŊŗŀĮĶŇĴŅĦĵŅĚȮNR ŒĬĶŃĭĭįĽĴŏıŇŗĴĕŉŘĬ 

 
ĳŅıĪňŗȮ4,6ȮTensile strength ĕŀĚĵŅĚȮBR NR NBR ŐĸŃĵŅĚįĽĴ BR-NR-NBRȮ 

ĪňŗįƞŅĬĔŅĶȮVulcanized 

ėƞŅȮTensile strength ĕŀĚĵŅĚĪňŗįƞŅĬĔŅĶȮVulcanized ŐĽħĚħńĚĳŅıĪňŗȮ4,6ȮőħĵėƞŅ Tensile 

strength ĕŉŘĬŀĵŌƞĔńĭ Crosslink densityȮŐĸŃĔŅĶŏĔŇħȮStrain induce crystalline őħĵıĭĺƞŅĵŅĚȮBR 

ŐĸŃȮNBR ĴňȮTensile strength ĨŗŜŅĔĺƞŅĵŅĚȮNR ŏĬŊŗŀĚěŅĔĵŅĚȮNR ŏĮƦĬĵŅĚĪňŗĴňőėĶĚĽĶƟŅĚŏĮƦĬȮ

Isoprene base ĪŜŅŒľƟĽŅĴŅĶĩŏĔŇħĮĶŅĔĢĔŅĶĦƢȮStrain induce crystallineȮœħƟĴŅĔĔĺƞŅĵŅĚȮBRȮŐĸŃȮ

NBR ĞŉŗĚĴňőėĶĚĽĶƟŅĚŏĮƦĬȮButadiene base ŒĬĕĦŃĪňŗĵŅĚȮNBR ĞŉŗĚĴňľĴŌƞȮAcrylonitrile ŀĵŌƞŒĬőėĶĚĽĶƟŅĚȮ
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ĽƞĚįĸŒľƟĵŅĚȮNBR ĴňėƞŅȮTensile strength ĪňŗĽŌĚĔĺƞŅĵŅĚȮBRȮĞŉŗĚŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚįĽĴıĭĺƞŅĵŅĚįĽĴ

ĪňŗĴňĵŅĚȮBR ŏĮƦĬĺńĢĳŅėľĸńĔȮ&B+80-0-20ȮŐĸŃȮB+60-20-20'ȮĴňėƞŅȮTensile strength ĪňŗŀĵŌƞŒĬĝƞĺĚĕŀĚ

ĵŅĚȮBR ŐĸŃȮNBR &ħŌěŅĔıŅĶŅĴŇŏĨŀĶƢĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĽĩŇĨŇ'ȮőħĵŏĴŊŗŀĶŃĭĭįĽĴĴňĮĶŇĴŅĦȮNR 

ŏıŇŗĴĕŉŘĬȮıĭĺƞŅėƞŅȮTensile strength ĕŀĚĵŅĚįĽĴĵŇŗĚĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬőħĵŏĜıŅŃĔńĭĵŅĚįĽĴȮB+

2.-6.-2.ȮŐĸŃȮB+0-8.-2.ȮŏĬŊŗŀĚěŅĔĽŅĴŅĶĩĵŊħĨńĺœħƟĴŅĔĕŉŘĬȮ&ěŅĔĳŅıĪňŗȮ4,4'ȮĞŉŗĚŏĮƦĬįĸěŅĔĔŅĶ

ŏĔŇħȮStrain induce crystalline ĕŀĚĵŅĚįĽĴȮ 

ŀĵƞŅĚœĶĔŖĨŅĴěŅĔįĸĔŅĶĪħĽŀĭŐĽħĚŒľƟŏľŖĬĺƞŅĵŅĚįĽĴŀńĨĶŅĽƞĺĬȮB+2.-6.-2.ȮŐĸŃȮ 

B+0-8.-2.ȮĴňėƞŅȮTensile strength ĪňŗĽŌĚĔĺƞŅĵŅĚȮBR NR ŐĸŃȮNBRȮŏĬŊŗŀĚěŅĔĵŅĚįĽĴĪńŘĚĽŀĚ

ŀńĨĶŅĽƞĺĬĴňĵŅĚȮNR ŏĮƦĬĺńĢĳŅėľĸńĔěŉĚĽŅĴŅĶĩŏĔŇħȮStrain induce crystallineȮœħƟȮŀňĔĪńŘĚĵŅĚįĽĴĪńŘĚ

ĽŀĚŀńĨĶŅĽƞĺĬĴňȮCrosslink densityȮĪňŗĽŌĚĔĺƞŅĵŅĚȮBR NR ŐĸŃȮNBR &ėƞŅȮƇtorque, ĨŅĶŅĚĪňŗȮ4,1'ȮĞŉŗĚ

ėƞŅȮTensile strength ĕŀĚĵŅĚȮVulcanizedȮěŃĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀȮCrosslink densityȮĕŀĚĵŅĚŏıŇŗĴĕŉŘĬ

ěĬĩŉĚěŋħľĬŉŗĚȮŐĸƟĺěŃĴňėƞŅĸħĸĚŏĴŊŗŀȮCrosslink density ĕŀĚĵŅĚĴňėƞŅĽŌĚŏĔŇĬœĮȮY32[ȮĪńŘĚĬňŘĵŅĚĪňŗĵńĚœĴƞ

ĪŜŅĔŅĶȮVulcanized ĽŅĴŅĶĩĶńĭŐĶĚħŉĚĵŊħœħƟŏıňĵĚŏĸŖĔĬƟŀĵȮŐĸŃŏĴŊŗŀĪŜŅĔŅĶȮVulcanizedȮĪŜŅŒľƟĴňȮ

Crosslink density ĪňŗŏıŇŗĴĕŉŘĬȮŏĴŊŗŀœħƟĶńĭŐĶĚěŃŏĔŇħĔŅĶĽƞĚįƞŅĬŐĶĚœĮĵńĚěŋħĪňŗŏĔŇħĔŅĶȮCrosslink ĪŜŅŒľƟ

ĽŅĴŅĶĩĶńĭŐĶĚħŉĚœħƟŏıŇŗĴĕŉŘĬȮěĬĩŉĚěŋħȮoptimum ĞŉŗĚŏĴŊŗŀĵŅĚĴňȮCrosslink density ĪňŗŏıŇŗĴĽŌĚĴŅĔȮŕȮ

ŏĴŊŗŀœħƟĶńĭŐĶĚħŉĚĽŅĵőĞƞőĴŏĸĔŋĸěŃĽŅĴŅĶĩŏėĶŊŗŀĬĪňŗįƞŅĬĔńĬœħƟĵŅĔȮ&Stiffness ĴŅĔ'ȮĽƞĚįĸŒľƟĽŅĴŅĶĩĶńĭ

ŐĶĚħŉĚœħƟĸħĸĚȮőħĵľŅĔıŇěŅĶĦŅ Crosslink densityȮěŅĔėƞŅȮƇtorqueȮŒĬĚŅĬĺŇěńĵĬňŘıĭĺƞŅėƞŅȮ

Ƈtorque ĕŀĚĵŅĚȮBR NR NBRȮŐĸŃĵŅĚįĽĴŀĵŌƞŒĬĝƞĺĚȮ.,5+/,5ȮNmȮŏĪƞŅĬńŘĬȮĞŉŗĚőħĵĪńŗĺœĮŐĸƟĺĵŅĚȮNR 

BR NBR ľĶŊŀĵŅĚįĽĴȮBR-NR, NR-NBRȮŐĸŃȮBR-NBRȮĪňŗŒĝƟȮSulphur ŒĬĔŅĶȮVulcanizedȮĴňėƞŅȮ

ƇtorqueȮŀĵŌƞĪňŗĮĶŃĴŅĦȮ1+6.ȮNmȮY33+35[ȮŐĽħĚŒľƟŏľŖĬĺƞŅėƞŅȮƇtorqueȮŒĬĚŅĬĺŇěńĵĬňŘĴňĮĶŇĴŅĦĬƟŀĵȮ

&Crosslink density ĬƟŀĵĴŅĔ'ȮŀňĔĪńŘĚĵńĚĽŅĴŅĶĩĵŊĬĵńĬœħƟħƟĺĵėƞŅȮSecant modulus ėŊŀĵŅĚįĽĴĴňȮ

Secant modulus ĸħĸĚŏĴŊŗŀĮĶŇĴŅĦĵŅĚȮNR ŒĬĶŃĭĭįĽĴŏıŇŗĴĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅȮĵŅĚįĽĴĴňėĺŅĴ

ŐĕŖĚȮ&Stiffness'ȮĸħĸĚŏĴŊŗŀėƞŅȮƇtorqueȮ&Crosslink density'ȮŏıŇŗĴĕŉŘĬȮěŉĚĽŅĴŅĶĩĭŀĔœħƟĺƞŅėƞŅȮ

Tensile strength ĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦ Crosslink densityȮŏıŇŗĴĕŉŘĬ 

#Elongation at breakȮŏĮƦĬėƞŅĪňŗĭƞĚĭŀĔĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŉĚĵŊħĕŀĚĺńĽħŋȮőħĵěŅĔ 

ĳŅıĪňŗȮ4,7ȮĞŉŗĚŐĽħĚȮ#Elongation at break ĕŀĚĵŅĚŐĨƞĸŃŀńĨĶŅĽƞĺĬȮŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚȮBR NR 

ŐĸŃȮNBR ıĭĺƞŅĵŅĚȮNR ĽŅĴŅĶĩħŉĚĵŊħœħƟĴŅĔĔĺƞŅȮNBR ŐĸŃȮBR ĨŅĴĸŜŅħńĭȮőħĵĴňėƞŅĮĶŃĴŅĦ 1,300 

750 ŐĸŃȮ500 #ȮĨŅĴĸŜŅħńĭȮěŅĔĬńŘĬŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚįĽĴıĭĺƞŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŉĚĵŊħĕŀĚĵŅĚ
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įĽĴĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦĵŅĚȮNR ŒĬĶŃĭĭįĽĴŏıŇŗĴĕŉŘĬȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚėƞŅȮ#Elongation at 

breakȮĴňėƞŅŏıŇŗĴĕŉŘĬŀĵƞŅĚĴŅĔĔńĭĵŅĚįĽĴȮB+0.-4.-0.ȮŐĸŃȮB+.-60-00ȮĞŉŗĚĴňėƞŅŏĔŇĬȮ/,3..Ȯ#Ȯ

ŏĬŊŗŀĚěŅĔŏĮƦĬĵŅĚįĽĴĪňŗĴňĔŅĶŏĔŇħȮStrain induced crystallizationȮħńĚĪňŗœħƟĔĸƞŅĺĴŅŐĸƟĺĕƟŅĚĨƟĬ 

 
ĳŅıĪňŗȮ4,7Ȯ#Elongation at break ĕŀĚĵŅĚȮBR NR NBR ŐĸŃĵŅĚįĽĴ BR-NR-NBR 

ĪňŗįƞŅĬĔŅĶȮVulcanized 

2,/,2ȮĻŉĔļŅĽĴĭńĨŇėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħĕŀĚĵŅĚȮBR NR NBR ŐĸŃĵŅĚįĽĴȮ

BR-NR-NBRȮĪňŗįƞŅĬĔŅĶȮVulcanized 

ėƞŅȮTear strength ŏĮƦĬėƞŅĪňŗĭƞĚĭŀĔĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪĬĪŅĬĨƞŀŐĶĚĜňĔĕŅħȮőħĵěŅĔ

ĳŅıĪňŗȮ4,8ȮŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚȮBR NR ŐĸŃȮNBR ıĭĺƞŅėƞŅȮTear strengthȮĕŀĚĵŅĚȮNR ĴňėƞŅĴŅĔĪňŗĽŋħȮ

ĬńŗĬėŊŀĵŅĚȮNR ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪĬĪŅĬĨƞŀĔŅĶĜňĔĕŅħĽŌĚĔĺƞŅĵŅĚȮNBR ŐĸŃȮBR ĨŅĴĸŜŅħńĭȮ

ŏĬŊŗŀĚěŅĔĔŅĶĪňŗĵŅĚȮNR ŏĮƦĬĵŅĚĪňŗĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĔŇħȮCrack,ȮĔŅĶĨƟŅĬĪŅĬ

ĕĵŅĵĨńĺĕŀĚȮCrackȮ&Crack growthȮresistance'ȮŐĸŃĴňėĺŅĴŏľĬňĵĺĽŌĚȮ&ĴňėƞŅȮTensile strength 

ŐĸŃȮ#Elongation at breakȮĽŌĚ'ȮőħĵŏĴŊŗŀıŇěŅĶĦŅĪňŗĵŅĚįĽĴıĭĺƞŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪĬĪŅĬĨƞŀ

ŐĶĚĜňĔĕŅħěŃŏıŇŗĴĕŉŘĬŏĴŊŗŀŒĬĶŃĭĭįĽĴĴňĮĶŇĴŅĦĵŅĚȮNR ŏıŇŗĴĕŉŘĬȮŀňĔĪńŘĚĵńĚĴňėĺŅĴĽńĴıńĬīƢĔńĬĶŃľĺƞŅĚȮ

Tear energy &ŐĮĶįńĬĨĶĚĔńĭėƞŅȮTear strength'ȮĔńĭĔŅĶŏĔŇħȮStrain induced crystallizationȮY14[Ȯ

őħĵěŃŏľŖĬĺƞŅėƞŅȮTear strength ĕŀĚĵŅĚȮNR ŐĸŃĵŅĚįĽĴȮB+0.-4.-0.ȮŐĸŃȮB+.-60-00ȮĴňėƞŅĽŌĚȮ



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 


