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Effect of partial natural rubber replaced with synthetic rubbers, styrene butadiene and cis butadiene,
on failure and strength properties of bias tread NR/BR based compound was studied by efficient and
conventional sulfur curing systems and mixtures of different carbon black grades. It was observed
that failure behavior comprising tear resistance and crack growth in substituted compounds dropped
significantly without any change in formulation. The type and crosslinking density were further stud-
ied with changes in sulfur/accelerator dosage and ratio. It was observed that tear resistance and crack
growth improved with lowering sulfur/accelerator ratio, maintaining the same crosslink density,
without any change in hysteresis. Other physico-mechanical properties of substituted NR/BR/SBR
compound showed similar behavior as reference compound. The carbon black blends in NR/BR sub-
stituted compounds showed that using semi-reinforcing filler instead of the original reinforcing filler
could improve crack growth resistance. Therefore, it is possible to decrease NR/BR ratio with mod-
ification of curing system and use of N330/N660 filler blends. 
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 4€ ìƒƒƒƒùƒƒƒƒ± -„‹ƒƒƒƒ†ó 7831 288
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‹ùŒõ¬ ìÛ†ôì• �†°âþ ô °º~ {±á „ìý³û °ôüú {†ü± ‹† ¶†ì†ðú|ø†ÿ �©• ìõö÷± ô …¶}×†¬û …² �±Þññ~û|ø†ÿ ...|ìù~ÿ ºýõ…€ ¤·ýò „{»þ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 4€ ìƒƒƒƒùƒƒƒƒ± -„‹ƒƒƒƒ†ó 7831 290
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{±á ìñ¥±Ù º~û ô �†°âþ ‹ú ºßê „º×}ú ô ¬°øî ¬° ìþ„ü~. ð}ýœú „ó

…Ö³…ü¼ …ð±ÿ́ �†°âþ „ìý³û æ¶}ýßþ …¶• ]41€31€1[. …üò ¶†² ô Þ†° ‹±…ÿ
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RRBBSS//RRBB//RRNN
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2/2 )Ö±ìõë|‹ñ~ÿ ›~ôë 3( ‹±°¶þ º~û …¶•. ì»†ø~û ìþ|ºõ¬ ‹†
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�©• ìõö÷± ô ìÏíõèþ Þ†ø¼ ü†Ö}ú …¶•€ ìÛ~…° °º~ {±á ¬° ¶†ì†ðú
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¤†¾ê ¬° ̈õ…Á ºß·•€ ìÛ†ôì• �†°âþ ô ìÛ†ôì• ¬° ‹±…‹± °º~

{±á °… ìþ|{õ…ó ‹† Þ†ø¼ Ÿã†èþ …{¿†æ– Î±Âþ ‹† …¶}×†¬û …² ìÛ†¬ü±

Þí}± âõâ±¬ ô º}†Ž|¬øñ~û ›Œ±…ó Þ±¬. …ì†€ …üò ‹ùŒõ¬ ìõ›� …Ö³…ü¼

â±ì† …ð~ô²ÿ „ìý³û æ¶}ýßþ ìþ|ºõ¬ Þú ‹± �~ü~û ºß·• ̈·}ãþ …÷±

Ú†‹ê ìç¤Ëú|…ÿ ¬…°¬. ‹ñ†‹±…üò€ ø±Ÿñ~ Þ†ø¼ Ÿã†èþ …{¿†æ– Î±Âþ

‹†Î™ ‹ùŒõ¬ ìÛ†ôì• ‹±ü~âþ ìþ|ºõ¬. …ì†€ …÷± „ó ‹± �~ü~û âê|Þñ~âþ

°ôüú ‹ú ºßê ìŒùî ‹†Úþ ìþ|ì†ð~. …² Æ±Ù ¬üã± ìÇ†‹Ü ºßê|ø†ÿ 2 ô4€

Þ†ø¼ Ÿã†èþ …{¿†æ– Î±Âþ ‹†Î™ Þ†ø¼ ¶©}þ „ìý³û|ø† º~û …¶•

Þú ð»†ó|¬øñ~û Þ†ø¼ ìÛ†ôì• ¬° ‹±…‹± ð×õ® …ºý†ÿ ̈†°›þ …¶•.

‹ñ†‹±…üò ‹† {õ›ú ‹ú …üò ‹¥™€ Þî Þ±¬ó Ÿã†èþ …{¿†æ– Î±Âþ ¬°

Ö±ìõë|‹ñ~ÿ ›†ÿ|â³üñþ Þ†õ̂Ÿõÿ ÆŒýÏþ ‹† ì¿ñõÎþ  ìñ†¶� ðý·•. |

ºßê1 -…÷±  Ÿã†èþ  …{¿†æ– Î±Âþ  ‹± ìÛ†ôì• ¬° ‹±…‹± °º~ {±á€

ìÛ†ôì• �†°âþ ô ›ùñ~âþ „ìý©}ú RBS/RB/RN| ¬° ð·Œ• âõâ±¬ ‹ú

º}†Ž|¬øñ~û 37/0.

ºßê 2 -…÷± Ÿã†èþ  …{¿†æ– Î±Âþ  ‹± ̈õ…Á Þ»»þ ô ¶©}þ

„ìý©}ú RBS/RB/RN| ¬° ð·Œ• âõâ±¬ ‹ú º}†Ž|¬øñ~û 37/0.

ºßê 3 -…÷± Ÿã†èþ …{¿†æ– Î±Âþ  ‹± ìÛ†ôì• ¬° ‹±…‹± °º~ {±á€

ìÛ†ôì• �†°âþ ô ›ùñ~âþ „ìý©}ú RBS/RB/RN| ¬° ð·Œ• âõâ±¬ ‹ú

º}†Ž|¬øñ~û 22/2.
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…÷± ðõÑ …{¿†æ– Î±Âþ ‹± ̈õ…Á Öý³üßþ - ìß†ðýßþ „ìý©}ú

RRBBSS//RRBB//RRNN|

ð}†ü� ‹ú ¬¶• „ì~û …² …÷±  {Óýý± ð·Œ• âõâ±¬ ‹ú º}†Ž|¬øñ~û ) {Óýý±

ð·Œ• �ýõð~ø†ÿ  ìõðõ¶õè×ý~ÿ ô  �éþ|¶õè×ý~ÿ(  ‹± ̈õ…Á Öý³üßþ -

ìß†ðýßþ „ìý©}ú RB/RBS/RN| ¬° ºßê|ø†ÿ 5 {†9 …°…̂ú º~û …¶•. …üò

ºßê|ø† ‹± …¶†¹ Ö±ìõë|‹ñ~ÿ ›~ôë 3 ‹±…ÿ ¶†ì†ðú|ø†ÿ �©• ì©}éØ

{±¶ýî º~û|…ð~. ‹ù}±üò ‹ùŒõ¬ ¬° ̈õ…Á ºß·• „ìý³û|ø†ÿ ›†ÿ|â³üò

ì»†ø~û ìþ|ºõ¬€ ‹ú Æõ°ÿ Þú ìÛ†ôì• �†°âþ ô ìÛ†ôì• ¬° ‹±…‹± °º~

{±á€ ‹† Þ†ø¼ ð·Œ• âõâ±¬ ‹ú º}†Ž|¬øñ~û ‹ùŒõ¬ Ú†‹ê {õ›ùþ

ü†Ö}ú|…ð~. …üò ð}ýœú ¬° {Ã†¬ ‹† ð}†üœþ …¶• Þú ¬° ‹±̈þ …² ìÛ†æ– ô

ì±…›Ð Îéíþ ì»†ø~û ìþ|ºõ¬ ]01€6[. ²ü±… ‹ý†ó ìþ|ºõ¬€ ‹† …Ö³…ü¼ ìÛ~…°

º}†Ž|¬øñ~û ¬°¾~ �ýõð~ø†ÿ {à|¶õè×ý~ÿ …Ö³…ü¼ ìþ|ü†‹~ ô �ýõð~ø†ÿ

ìõðõ¶õè×ý~ÿ …ðÏÇ†Ù|�̄ü±ÿ Þí}±ÿ ¬° ìÛ†ü·ú ‹† �ýõð~ø†ÿ

�éþ|¶õè×ý~ÿ ¬…º}ú ô ¬° ð}ýœú ̈õ…Á ºß·• ÂÏýØ|{±ÿ ð»†ó

ìþ|¬øñ~. …ì† ð}†ü� ì}Ã†¬ÿ ¬° ì±…›Ð ì©}éØ …°…̂ú º~û …¶• ]21[ Þú

ð»†ó|¬øñ~û ¤†Þíý• ¶†² ô Þ†°ø†ÿ ì}ñõÑ ô �ý¡ý~û|…ÿ ‹± ̈õ…Á

ºß·• …¶•. ‹ñ†‹±…üò ìíßò …¶• Îõ…ìê ²ü± ‹± ‹ùŒõ¬ ì»†ø~û º~û ‹ú

øñã†ï …¶}×†¬û …² ¶†ì†ðú �©• ìõö÷± ¬̈†è• ¬…º}ú ‹†ºñ~:

- �ýõð~ø†ÿ {à|¶õè×ý~ÿ ¬° ìÛ†ü·ú ‹† �ýõð~ø†ÿ �éþ|¶õè×ý~ÿ

…¶}¥ß†ï ‹ý»}±ÿ ¬…°ð~ ô ¬° ‹±…‹± �†°âþ ô �ý¼|°Ö• {±á ìÛ†ôì•

‹ý»}±ÿ ð»†ó ìþ|¬øñ~.

- ¬° ìÛ†¬ü± ²ü†¬ âõâ±¬€ …{¿†æ– …Â†Öþ ‹ú ô›õ¬ ìþ„ü~ Þú ðÛÇú ÂÏØ

ºŒßú ‹ú ºí†° ìþ„üñ~€ Âíò „ó Þú ìíßò …¶• ìÛ†¬ü± ²ü†¬ âõâ±¬ ¬°

Ö±ìõë|‹ñ~ÿ �©¼ ð†ìñ†¶Œþ ¬…º}ú ‹†º~.   |

- ‹† Þ†ø¼ ð·Œ• âõâ±¬ ‹ú º}†Ž|¬øñ~û€ üßñõ…̈}þ ¶†ì†ðú …² è¥†Í

{õ²üÐ �ýõð~ø†ÿ ìõðõ€ ¬ÿ ô �éþ ‹ù}± º~û ô {õ²üÐ {ñ¼ ‹ù}± ‹†Î™

…Ö³…ü¼ …ð±ÿ́ �†°âþ ô ‹ùŒõ¬ Ú†‹ê {õ›ú ìÛ†ôì• �†°âþ ô ìÛ†ôì• ¬°

‹±…‹± °º~ {±á ìþ|ºõ¬. …Ö³…ü¼ …²¬ü†¬ Æõë {† �†°âþ ¬° ¶†ì†ðú �©•

ìõö÷± ðý³ ìõöü~ …ðÏÇ†Ù|�̄ü±ÿ ‹ù}± „ìý³û …¶•.  |

‹ñ†‹±…üò€ ¬° ¶†ì†ðú ì³‹õ° ‹† …¶}×†¬û …² ð·Œ• âõâ±¬ ‹ú º}†Ž|¬øñ~û

Þí}± …² üà€ Âíò ¤×Ì Ÿã†èþ …{¿†æ– Î±Âþ ‹ùŒõ¬ Ú†‹ê {õ›ùþ ¬°

ìÛ†¬ü± °º~ {±á ô ìÛ†ôì• �†°âþ ¤†¾ê º~û …¶•.  |

ìÇ†‹Ü ‹† ºßê 9 ›ùñ~âþ „ìý³û|ø† ‹† Þ†ø¼ ð·Œ• âõâ±¬ ‹ú

º}†Ž|¬øñ~û )¶†ì†ðú �©• ìõö÷±( …Ö³…ü¼ ð·Œþ ¬…º}ú …¶•. ¬° øíú

ð·Œ•|ø† ìÛ†¬ü± ‹ý»}± ›ùñ~âþ ì±‹õÉ ‹ú Ÿã†èþ …{¿†æ– Î±Âþ ‹ý»}±

…¶•€ ôèþ ¬° Ÿã†èþ …{¿†æ– Î±Âþ üß·†ó ¶†ì†ðú|ø†ÿ ‹† ð·Œ• Þí}±

âõâ±¬ ‹ú º}†Ž|¬øñ~û ›ùñ~âþ Þí}±ÿ ð»†ó ¬…¬û|…ð~. ð}ýœú „ó Þú

¶†ì†ðú �©• ìõö÷± …ð}©†Ž º~û ¬° …üò �µôø¼€ Âíò …°…̂ú ìÛ†ôì•

�†°âþ ô ìÛ†ôì• ¬° ‹±…‹± °º~ {±á ìñ†¶�€ â±ì†…ð~ô²ÿ „ìý³û æ¶}ýßþ

ºßê 4 -…÷±  Ÿã†èþ  …{¿†æ– Î±Âþ  ‹± ̈õ…Á Þ»»þ ô ¶©}þ

„ìý©}ú RBS/RB/RN| ¬° ð·Œ• âõâ±¬ ‹ú º}†Ž|¬øñ~û 22/2.

ºßê 6 -…÷± ðõÑ …{¿†æ– Î±Âþ ‹± ìÛ†ôì• �†°âþ ¬° „ìý©}ú

RBS/RB/RN|.

ºßê 5 -…÷± ðõÑ …{¿†æ– Î±Âþ ‹± ìÛ†ôì• ¬° ‹±…‹± °º~ {±á  ¬°

„ìý©}ú RBS/RB/RN|.
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°… ðý³ Þ†ø¼ ìþ|¬ø~. øî|Ÿñýò€  ‹† {õ›ú ‹ú …üò Þú ìÛ~…° Ÿã†èþ …{¿†æ–

Î±Âþ ðý³ ¬° ¶Ç¦ Ú†‹ê ÚŒõèþ ¤×Ì º~û …¶•€ ¶©}þ „ìý³û ðý³ ‹~ôó

{Óýý± ìþ|ì†ð~. ‹ú Þíà …üò ¶†ì†ðú �©• …ìß†ó …¶}×†¬û …² „ìý©}ú ¶ú {†üþ

RBS/RB/RN| ‹† ð·Œ•01/52/56 …ìß†ó|�̄ü± …¶•. ¬° ºßê01 ð}ýœú

ðù†üþ ›†üã³üñþ …°…̂ú º~û …¶•. „ìý³û ›†ÿ|â³üò ‹† ¶†ì†ðú �©• ìõö÷±

¨õ…Á ì»†‹ùþ ‹† „ìý³û º†ø~ …°…̂ú ¬…¬û …¶•.  |

›†ÿ|â³üñþ ‹† Þ†õ̂Ÿõÿ ¶ý̧ ‹õ{†¬ÿ|…ó  |

‹† ›†ÿ|â³üñþ 01 Ú·í• ô²ðþ Þ†õ̂Ÿõÿ ÆŒýÏþ ‹†  Þ†õ̂Ÿõÿ ¶ý̧

‹õ{†¬ÿ|…ó …Ö• ‹ý»}±ÿ ¬° ̈õ…Á ºß·•€ ìÛ†ôì• �†°âþ ô ìÛ†ôì•

¬° ‹±…‹± °º~ {±á€ ¬° ìÛ†ü·ú ‹† ›†ÿ|â³üñþ RBS€ ì»†ø~û ìþ|ºõ¬

)›~ôë 4(. ì»†‹ú ¤†è• ÚŒê â»}†ô° …̈}çÙ ô ²ì†ó �©• ‹ùýñú ðý³

Þ†ø¼ ü†Ö}ú …¶•€ Âíò „ó Þú ìÛ†¬ü± …²¬ü†¬ Æõë {† �†°âþ€ …¶}¥ß†ï

Þ»»þ ðý³ Þ†ø¼ ü†Ö}ú …¶•. ‹±…ÿ …Æíýñ†ó …² �©• Þ†ìê ô ¤×Ì

Ÿã†èþ …{¿†æ– Î±Âþ ¬° ¶Ç¦ Ú†‹ê ÚŒõë ¬° º±…üÈ ô…ÚÏþ �©•€ ðý†²

‹ú {Ûõü• ¶†ì†ðú �©• …¶• ô ÆŒÜ ð}ýœú ‹©¼ ÚŒê€ …üò Þ†° ìñœ± ‹ú

…Ö• º~ü~{± ̈õ…Á  ºß·• ìþ|ºõ¬. ‹ñ†‹±…üò€ ¬° …üò ¤†è• ðý³ ðý†² ‹ú

¶†ì†ðú �©• ìÏíõèþ ¬° ìÛ†ü·ú ‹† �©• ìõö÷± …¤·†¹ º~ {† Âíò ¤×Ì

Ÿã†èþ …{¿†æ– ìÛ†¬ü± ‹ù}±ÿ ‹±…ÿ °º~ {±á ô �†°âþ ¤†¾ê ºõ¬. …ì†€

¬° „ìý©}ú RB/RN| …üò {±Öñ~ ‹ú {ñù†üþ Þ†Öþ ðý·• ô ‹ú …Îí†ë {Óýý±…–

‹ý»}± ‹±…ÿ ‹ùŒõ¬ ̈õ…Á ºß·• ðý†² …¶•.   |

‹ñ†‹±…üò€ …¬…ìú Þ†° °ôÿ …¶}×†¬û …² �±Þññ~û ì}í±Þ³ º~. ¬° ºßê|ø†ÿ

11 ô 21 …÷± ›†ÿ|â³üñþ ‹©»þ …² ¬ô¬û 033N| ‹† ¬ô¬û|ø†ÿ ¬°º•|{± ô

°ü³{± ìÇ†èÏú º~û …¶•:

…ôæ_ ¬° ¶†ì†ðú|ø†ÿ ›†ÿ|â³üò€ …¶}×†¬û …² ¶†ì†ðú|ø†ÿ �©• 2 ô 3

)›~ôë 6( °º~ {±á ô ìÛ†ôì• ¬° ‹±…‹± �†°âþ ‹·ý†° ‹ù}±ÿ ¬° ìÛ†ü·ú ‹†

¶†ì†ðú �©• º†ø~ )¶†ì†ðú �©• 1( ð»†ó ¬…¬û …¶• Þú ð}†ü� {ß±…° ô

ºßê 7 -…÷± ðõÑ …{¿†æ– Î±Âþ ‹± …¶}¥ß†ï Þ»»þ ¬° „ìý©}ú

RBS/RB/RN|.

ºßê 8 -…÷± ðõÑ …{¿†æ– Î±Âþ ‹± …²¬ü†¬ Æõë {† �†°âþ ¬° „ìý©}ú

RBS/RB/RN|.|

ºßê 9 -…÷± ðõÑ …{¿†æ– Î±Âþ ‹± ¬°¾~ ›ùñ~âþ ¬° „ìý©}ú

RBS/RB/RN|.|

ºßê 01 -ð}ýœú ðù†üþ ›†ÿ|â³üñþ ‹† …¾ç§ ¶†ì†ðú �©•.
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ìõöü~ ð}†ü� ¤†è• ÚŒê …¶•€ …èŒ}ú ‹©¼ Îí~û|…ÿ …² ‹ùŒõ¬ ì»†ø~û º~û

¬° ¶†ì†ðú �©• 2 ‹ú ¬èýê Þ†ø¼ ìÛ~…° Ÿã†èþ …{¿†æ– Î±Âþ )Þ†ø¼

â»}†ô° …̈}çÙ( …¶• ô ‹† …¶}×†¬û …² ¶†ì†ðú �©• 3  Âíò ¤¿õë

Ÿã†èþ …{¿†æ– Î±Âþ ìñ†¶�€ ìÛ†¬ü± ²ü†¬ °º~ {±á ô ìÛ†ôì•

�†°âþ ¬° ìÛ†ü·ú ‹† º†ø~ )¶†ì†ðú �©• 1( ¤†¾ê º~û …¶•.

÷†ðý†_ ‹† ìÛ†ü·ú ð}†ü� �±Þññ~û|ø†ÿ ì©}éØ ¬° ø± üà …² ¶†ì†ðú|ø†ÿ

�©• 1 {† 3 ì»†ø~û ìþ|ºõ¬€ „ìý©}ú ¬ô¬û 033N| ‹† �±Þññ~û ‹†

{Ûõü•|Þññ~âþ Þí}± )066N( ¬° ìÛ†ü·ú ‹† �±Þññ~û  ‹† {Ûõü•|Þññ~âþ

‹ý»}± )022N( °º~ {±á ô ìÛ†ôì• �†°âþ ‹ù}±ÿ ð»†ó ¬…¬û …¶•€ ¬°

¤†èþ Þú …¶}¥ß†ï Þ»»þ Þéýú „ìý³û|ø† {Û±üŒ†_ ‹~ôó {Óýý± ‹†Úþ ì†ð~û

…¶•. ¬ô¬û 066N| ¬° ìÛ†ü·ú ‹† ¬ô¬û 022N| ì·†¤• ¶Ç¦ Þí}±ÿ ¬…°¬

ô  …ð}Ë†° ìþ|°ô¬ {Ûõü• Þí}±ÿ ‹ú „ìý³û …Îí†ë Þñ~. …ì† ì»†ø~û ìþ|ºõ¬€

‹ù}±üò ìÛ†ôì• �†°âþ ô ìÛ†ôì• ¬° ‹±…‹± °º~ {±á ‹ú øñã†ï …¶}×†¬û …²

…üò �±Þññ~û ô ¬ô¬û 033N| ¤†¾ê º~û …¶•. Îé• …üò ‹ùŒõ¬ ì»©À

ðý·• ô ‹†° ¬üã±  �ý¡ý~âþ ¶†² ô Þ†°ø†ÿ ¤†Þî ‹± °Ö}†° ºß·•

…æ¶}õì±ÿ °… ð»†ó ìþ|¬ø~.  |

ø±Ÿú ¬ô¬û °ü³{± ô {Ûõü• Þññ~û|{± ‹†º~€ ‹±øî|Þñ¼ ¶Ç¥þ ‹ý»}±ÿ

‹† æ¶}ýà …üœ†¬ Þ±¬û ô ¬° ‹±…‹± �ý¼|°Ö• {±á ìÛ†ôì• ‹ý»}±ÿ …Îí†ë

ìþ|Þñ~. …üò ¶†²  ô Þ†° {ñù† ¶†² ô Þ†° ¤†Þî ‹± °Ö}†° �†°âþ ðý·•. ²ü±…€

…ôæ_ ð}†ü� ›†ÿ|â³üñþ ¬ô¬û ‹† ¶ýéýß† øíãþ ¬æè• ‹± ‹ùŒõ¬ ìÛ†ôì•

�†°âþ ô ìÛ†ôì• ¬° ‹±…‹± °º~ {±á ¬…°ð~€ ¬° ¤†èþ Þú ¶ýéýß†

‹±øî|Þñ¼ ¶Ç¥þ ÂÏýØ|{±ÿ ‹† æ¶}ýà ¬° ìÛ†ü·ú ‹† ¬ô¬û ¬…°¬ ]|9€8[.|

÷†ðý†_€ ‹† …Ö³…ü¼ ìÛ~…° �±Þññ~û ¬° „ìý³û€ ìÛ†ôì• �†°âþ ‹ú ‹ý»ýñú ìÛ~…°

°¶ý~û ô ¶�̧ Þ†ø¼ ìþ|ü†‹~. ¬° ¤†èþ Þú ‹~üùþ …¶• ‹† …Ö³…ü¼ ìÛ~…°

�±Þññ~û ‹±øî|Þñ¼ ¶Ç¥þ øî Ÿñ†ó …Ö³…ü¼ ìþ|ü†‹~.

÷†è̃†_ ð}†ü� øíýò ìÛ†èú ð»†ó ìþ|¬ø~€ …Ö³…ü¼ Ÿã†èþ …{¿†æ– Î±Âþ

‹†Î™ Þ†ø¼ º~ü~ ìÛ†ôì• �†°âþ ìþ|ºõ¬. ¬° ¤†èþ Þú ‹±øî|Þñ¼

¶Ç¥þ �±Þññ~û ‹† æ¶}ýà ‹ú ¬èýê …Ö³…ü¼ …{¿†æ– ¶Ç¥þ ¬ô¬û ô

æ¶}ýà ²ü†¬ ìþ|ºõ¬.

…² ¬æüê Ú†‹ê ¬°á ‹±…ÿ {õ›ýú °Ö}†° ì³‹õ° …üò …¶• Þú …Ö³…ü¼

ŸÛ±ìãþ ô ¶×}þ „ìý³û æ¶}ýßþ ô Þ†ø¼ …ðÏÇ†Ù|�̄ü±ÿ ²ðœý±ø†ÿ

�éýí±ÿ ‹ú ¬èýê …Ö³…ü¼ ìÛ~…° �±Þññ~û ü† …Ö³…ü¼ Ÿã†èþ …{¿†æ–

Î±Âþ€ Î†ìéþ ‹±…ÿ {í±Þ³ ‹ý»}± {ñ¼ ¬° ð†¤ýú {±á …¶•. „ìý³û ‹†

¶×}þ Þí}± Ú†‹éý• …ðÏÇ†Ù|�̄ü±ÿ ‹ý»}± ô Ú~°– ¬ÖÐ {ñ¼ ‹ý»}±ÿ

¬…°¬€ ²ü±… ‹©»þ …² …ð±ÿ́ ô°ô¬ÿ ‹ú ð†¤ýú ºß·• ‹ú ›†ÿ ºß·}ò

�ýõð~ø†€ ¾±Ù ›† ‹ú ›†üþ ²ðœý±ø†ÿ �éýí±ÿ ìþ|ºõ¬. ‹† ì±ô° ìœ~¬

ºßê|ø†ÿ …üò ìÛ†èú ðý³ ì»†ø~û ìþ|ºõ¬€ …°{Œ†É ìÏßõ¹ ‹ýò ̈õ…Á

ºß·• ô ì~ôë ô …°{Œ†É ì·}Ûýî ‹ýò ̈õ…Á ºß·• ô …²¬ü†¬ Æõë {†

�†°âþ ô›õ¬ ¬…°¬.

¬° „ìý©}ú ›†ÿ|â³üò RB/RN€ „ìý©}ú ¬ô¬û 066/033N| Ú†‹éý• ¬ÖÐ

{ñ¼ ‹ý»}±ÿ ‹ú „ìý³û …Îí†ë ìþ|Þñ~€ ²ü±… ¬ô¬û 066N ‹±øî|Þñ¼

Þí}±ÿ ‹† ²ðœý±ø†ÿ �éýí±ÿ ¬…°¬ ô „ðù† °… …ðÏÇ†Ù|�̄ü±{± ìþ|Þñ~. ‹~üò

{±{ý� „ìý³û ì³‹õ° ìÛ†ôì• �†°âþ ô ‹ú ôüµû °º~ {±á ‹ù}±ÿ ¬…°¬. ¬°

¤†èþ Þú „ìý©}ú ¬ô¬û 022N/033N| ‹†Î™ …Ö• Ú†‹ê ìç¤Ëú ̈õ…Á ¬°

ìÛ†ü·ú ‹† „ìý³û º†ø~ )¬ô¬û 033N| ‹ú {ñù†üþ( ìþ|ºõ¬. ‹ú ¬èýê …üò Þú

¬ô¬û 022N| ‹† …üœ†¬ ‹±øî|Þñ¼ ¶Ç¥þ ‹ý»}±€ …² {¥±á ²ðœý±ø†ÿ

ºßê 11 -…÷± øî ²ì†ó „ìý©}ú �±Þññ~û  ô {Ï~…¬ ô ðõÑ …{¿†æ– Î±Âþ ‹±

ìÛ†ôì• °º~ {±á „ìý©}ú RB/RN)A/S|: ð·Œ• âõâ±¬ ‹ú

º}†Ž|¬øñ~û(.

ºßê 21 -…÷± øî ²ì†ó „ìý©}ú �±Þññ~û  ô {Ï~…¬ ô ðõÑ …{¿†æ– Î±Âþ

‹± ¨õ…Á Þ»»þ „ìý©}ú RB/RN)A/S|: ð·Œ• âõâ±¬ ‹ú

º}†Ž|¬øñ~û(.



‹ùŒõ¬ ìÛ†ôì• �†°âþ ô °º~ {±á „ìý³û °ôüú {†ü± ‹† ¶†ì†ðú|ø†ÿ �©• ìõö÷± ô …¶}×†¬û …² �±Þññ~û|ø†ÿ ...|ìù~ÿ ºýõ…€ ¤·ýò „{»þ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 4€ ìƒƒƒƒùƒƒƒƒ± -„‹ƒƒƒƒ†ó 7831 294

�éýí±ÿ Þ†¶}ú ô ‹†Î™ ìþ|ºõ¬ ‹©¼ ‹ý»}±ÿ …² …ð±ÿ́ ô°ô¬ÿ ¾±Ù

ºß·}ò �ýõð~ø† ºõ¬. …â± …Ö• üà ô…¤~ÿ ì~ôë ô …¶}¥ß†ï Þ»»þ

„ìý³û ›†ÿ|â³üò ðù†üþ )„ìý©}ú ¬ô {†üþ 066N/033N| ô ¶†ì†ðú �©•

ìõö÷± ¬° „ìý©}ú RB/RN‹† ð·Œ• 53/56( �̄ü±Ö}ú ºõ¬€ …ìß†ó

›†ÿ|â³üñþ Þ†õ̂Ÿõÿ ÆŒýÏþ ‹† Þ†õ̂Ÿõÿ ‹õ{†¬ÿ|…ó {† 01 ¬°¾~ ô²ðþ

…ìß†ó|�̄ü± …¶•.

ð}ýœú|âý±ÿ

¨õ…Á ºß·•€ ìÛ†ôì• �†°âþ ô ìÛ†ôì• ¬° ‹±…‹± °º~ {±á ¬°

Ö±ìõë|‹ñ~ÿ °ôüú {†ü± ‹†°ÿ ‹± �†üú „ìý©}ú RB/RN| ‹† Þ†ø¼ ð·Œ•

æ¶}ýà ÆŒýÏþ ‹ú ì¿ñõÎþ ‹ú º~– …Ö• ìþ|Þñ~. …üò �~ü~û  ‹ú ¬èýê

Ú†‹éý• ‹éõ°üñãþ ²ðœý±ø†ÿ Þ†õ̂Ÿõÿ ÆŒýÏþ ¬° ì¥ê {±á ô …Ö³…ü¼

…ð±ÿ́ �†°âþ …¶• Þú �ý¼|°Ö• {±á °… …² ¤†è• üßñõ…̈• ̈†°ž

ìþ|Þñ~. ‹ñ†‹±…üò �ý¼|‹ýñþ ìþ|ºõ¬€ ìÛ†ôì• ‹±ü~âþ -âê|Þñ~âþ °ôüú

{†ü± ‹† ›†ÿ|â³üñþ ‹©»þ …² Þ†õ̂Ÿõÿ ÆŒýÏþ ‹† ì¿ñõÎþ …Ö• Þ±¬û ô

Æõë Îí± °ôüú {†ü± Þ†ø¼ ü†‹~.

ð}†ü� {œ±‹þ ð»†ó ¬…¬ Þ†ø¼ ìÛ~…° âõâ±¬ ô º}†Ž|¬øñ~û Ÿã†èþ

…{¿†æ– Î±Âþ °… Þ†ø¼ ìþ|¬ø~. …üò …ì± ìñœ± ‹ú ‹ùŒõ¬  Ú†‹ê {õ›ú

¨õ…Á ºß·• ¬° Ö±ìõë|‹ñ~ÿ ›†ÿ|â³üò ìþ|ºõ¬. …ì†€ ‹† {õ›ú ‹ú

…Ö³…ü¼ â±ì†…ð~ô²ÿ „ìý³û ô …÷± ²ü†¬ „ó ‹± Æõë Îí± ̈·}ãþ ô ðý³

Þ†ø¼ ¶©}þ „ìý³û ðíþ|{õ…ó …² …üò °…û ¤ê …¶}×†¬û Þ±¬. …ì†€  Ÿñ†ó Ÿú

ð·Œ• º}†Ž|¬øñ~û ‹ú âõâ±¬ …Ö³…ü¼ ü†‹~ ô øî ²ì†ó Ÿã†èþ …{¿†æ–

Î±Âþ ¤×Ì ºõ¬€ …ìß†ó ¬¶•|ü†‹þ ‹ú ìÛ†¬ü± ²ü†¬ ìÛ†ôì• �†°âþ ô

ìÛ†ôì• ¬° ‹±…‹± °º~ {±á ¬° Þñ†° ¤×Ì â±ì†²…üþ ô ¶©}þ ìý·±

ìþ|ºõ¬. ‹ñ†‹±…üò€ ìþ|{õ…ó ‹©»þ …² Þ†õ̂Ÿõÿ ÆŒýÏþ °… ‹† Þ†õ̂Ÿõÿ

ì¿ñõÎþ RBS| ›†ÿ|â³üò Þ±¬. øñã†ìþ Þú ›†ÿ|â³üñþ ÖÛÈ ‹†

Þ†õ̂Ÿõÿ ì¿ñõÎþ RB| …ðœ†ï ºõ¬€ ‹ú ¬èýê …Ö• ‹·ý†° ²ü†¬ ̈õ…Á

ºß·•€ ¬° Þñ†° …¾ç§ ¶†ì†ðú �©• ‹ú º±§ â×}ú º~û ðý†² ‹ú …¶}×†¬û

…² �±Þññ~û ðýíú {Ûõü•|Þññ~û ðËý± 066N| ‹ú ìÛ~…° ‹ùýñú øí±…û ‹† ¬ô¬û

…¾éþ …¶•€ {† Âíò ¤×Ì ̈õ…Á …¶}¥ß†ìþ )ì~ôë€ ¶†ü¼€ …¶}¥ß†ï

Þ»»þ ô ¶©}þ( ̈õ…Á ºß·• )ìÛ†ôì• �†°âþ ô ìÛ†ôì• ¬° ‹±…‹±

°º~ {±á( ìñ†¶Œþ ðý³ ‹ú ¬¶• „ü~.  |

Ú~°…ðþ

…² ì~ü±…ó ô ì·‰õæó ì¥}±ï º±Þ• Þõü± {†ü± ô ì}¿~ÿ „²ì†ü»ã†û

Öý³üà …üò Þ†°̈†ðú Þí†ë {»ß± ô Ú~°¬…ðþ ìþ|ºõ¬.  |

1. Hamed G.R., Tearing of Vulcanized Rubber, Rubber Chem.Tech-

nol., 78, 548-553, 2005.

2. Niedermeir W., Warskult M., A Carbon Black Designed for Off-

the-Road Tire Treads, The 15th International Slovak Rubber

Confrence, 2003.

3. Beatty J.R. and Miksch B.J., A Laboratory Cutting and Chipping

Tester for Evaluating Off-the-Road and Heavy-Duty Treads,

Rubber Chem. Technol., 55, 551-531, 1982.

4. Arun B., Subrahmanian V., and Taneja V., Influence of Carbon

Black, Process Oil and Antidegradant in a NR/BR Blend, Rub-

ber World, 233, 28-44, 2005.

5. Hamed G.R. and Rattanasom N., Effect of Crosslink Density on

Cut Growth in Black-filled Natural Rubber Vulcanizates, Rub-

ber Chem. Technol., 75, 935-941, 2002. 

6. Mars W.V and Fatemi A., Factor that Affect the Fatigue Life of

Rubbers: A Literature Survey, Rubber Chem. Technol., 77, 391-

412, 2004.

7. Hess W., Vegvari P., and Swor R., Carbon Black in NR/BR

Blends for Truck Tires, Rubber Chem. Technol., 57, 350-382,

1984. 

8. Atashi H., Sobhanmanesh K., and Shiva M., Improvement of

Physical and Mechanical Properties of Butadiene Rubber with

Silica/Silane Reinforcement System, Iran J. Polym. Sci. Tech-

nol. (In Persian), 17, 281-290, 2004.

9. Atashi H., Sobhanmanesh K., and Shiva M., Assessments on the

Tear Resistance Improvement Mechanisms in the Carbon

Black/Silica/Silane Reinforcement Systems, Iran. J. Polym. Sci.

Technol. (In Persian), 18, 76-80, 2005.

10. Chung B., Tomlinson H.R., and Miller T., Cure System and Car-

bon Black Effects on NR Compound Performance in Truck

Tires, Rubber World, 227, 36-42, 2002.

11. Hamed G.R., Tear Strength of Black-Filled Natural Rubber

Crosslinked Via Conventional and Effective Sulfure Cures, Rub-

ber Chem.Technol., 77, 227-228, 2004.

ì±…›Ð



295

‹ùŒõ¬ ìÛ†ôì• �†°âþ ô °º~ {±á „ìý³û °ôüú {†ü± ‹† ¶†ì†ðú|ø†ÿ �©• ìõö÷± ô …¶}×†¬û …² �±Þññ~û|ø†ÿ ... |ìù~ÿ ºýõ…€ ¤·ýò „{»þ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 4€ ìƒƒƒƒùƒƒƒƒ± -„‹ƒƒƒƒ†ó 7831 

12. Sumsuri A.B.H. and Thomas A.G., Proceedings of the Interna-

tional Rubber Technology Confrence, Amin L.L. and Thang L.K.

(Eds.), 147-165, 1988.

13. Stager R.G., Yanyo G., and Klelley F.N., Observations on the

Tearing of Elastomers, Rubber Chem. Technol., 58, 421-435,

1985. 

14. Hamed G.R., Kim H.J., and Gent A.N., Cut Growth in Vulcan-

izates of Natural Rubber, BR and A 50/50 Blends During Single

and Repeated Extension, Rubber Chem. Technol., 59, 807-818,

1996. 




