
A
crylonitrile butadiene rubber (NBR) composites are prepared from waste

nylon 66 short fiber using a two-roll mill mixer. The effects of fiber content

and bonding agent on the mechanical and morphological properties of the

composites are studied. The curing characteristics of the composites have been studied

by using cure rheometer. The cure and scorch time of the composites decrease while

cure rate is increased when short fiber content is increased. The mechanical properties

of the composites show improvement in both longitudinal and transverse directions with

increase in short fiber content. The adhesion between the fiber and rubber is enhanced

by using a dry bonding system consisting of resorcinol, hexamethylenetetramine and

hydrated silica (HRH). The swelling behavior of the composites in N,N-dimethylfor-

mamide is tested to find the effect of bonding agent on adhesion strength of the matrix

and fibers. Fracture surface morphology of composites is studied by scanning electron

microscopy. The restriction to swelling is higher for composites containing bonding

agent, especially, in the longitudinal direction. The morphology of the fracture surface

shows less fiber pull out when the bonding agent is introduced.
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°²ô°¶ýñõë€ øã³…ì}ýéò {}±…„ìýò ô ¶ýéýß† ¬° ¬ÚýÛú º»î ô …èý†Ù ¬°

¬ÚýÛú ¬øî …Â†Öú º~ð~. ¬° …ð}ù† ðý³ ìõ…¬ �©• ¬° ¬ÚýÛú �†ð³¬øî …Â†Öú

º~. ¶�̧€ Ö†¾éú ‹ýò ¬ô Òé}à ‹ú mm1 Þ†ø¼ ü†Ö• {† …Æíýñ†ó ¤†¾ê

ºõ¬ Þú Îí~{†_ ›ù•|âý±ÿ …èý†Ù ¬° ›ù• Òé}à )Æõèþ( …ðœ†ï º~û …¶•.

ð}†ü� ô ‹¥™

ì»©¿†– �©•  |

|ºßê 1 {Óýý±…– ²ì†ó �©• „ìý³û|ø† °… ‹† ìÛ~…° …èý†Ù ðõ ô Â†üÏ†{þ ð»†ó

›~ôë 1 -Ö±ìõë|‹ñ~ÿ „ìý³û|ø†.

*N: RBN€ BÎ†ìê ¶†²â†° Þññ~û€ F…èý†Ù ðõ€ FW…èý†Ù Â†üÏ†{þ ô …Î~…¬ ð»†ó|¬øñ~û ìÛ~…° …èý†Ù ðõ ô Â†üÏ†{þ ¬° „ìý³û …¶•.
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ìþ|¬ø~. ²ì†ó �©• ‹† ô…°¬ º~ó rhp5 …² ø± ¬ô ðõÑ …èý†Ù °ôð~ Þ†ø»þ

º~ü~ ô ¶�̧ üßñõ…̈}þ ð»†ó ¬…¬û …¶•. ºßê 2 ²ì†ó ‹±º}ãþ „ìý³û °…

ð»†ó ìþ|¬ø~ Þú ‹† …Ö³…ü¼ ìÛ~…° …èý†Ù Þ†ø¼ ü†Ö}ú …¶•. �µôø»ã±…ó

Îé• Þ†ø¼ ²ì†ó ‹±º}ãþ ô �©• °… ‹ú â±ôû|ø†ÿ „ìýñþ „²…¬ º~û …² …èý†Ù

ð†üéõó ð·Œ• ¬…¬û|…ð~ Þú ‹†Î™ Úéý†üþ|{± º~ó ¶†ì†ðú �©• º~û …¶• ]42[.

ºßê 3 {Óýý±…– ¶±Î• �©• „ìý³û|ø† )‹ý»ýñú ºý� ìñ¥ñþ �©• Þú  ‹ú

Þíà ¬¶}ã†û °üõì}± �©• ì¥†¶Œú º~û( °… ‹† {±Þý� ¬°¾~ ì©}éØ …èý†Ù

ð»†ó ìþ|¬ø~. ð}†ü� ð»†ó ìþ|¬ø~€ ‹† …Ö³…ü¼ {±Þý� ¬°¾~ …èý†Ù ¶±Î•

�©• …Ö³…ü¼ ìþ|ü†‹~ Þú ¬° ô…ÚÐ Þ†ø¼ ²ì†ó �©• ô ‹±º}ãþ °… {†‡üý~

ìþ|Þñ~. °ôð~ Þ†ø¼ ²ì†ó �©• ô …Ö³…ü¼ ¶±Î• „ó ‹±…ÿ „ìý³û|ø†ÿ

¬…°…ÿ …èý†Ù ðõ ‹ý»}± …² „ìý³û|ø†ÿ ¬…°…ÿ …èý†Ù Â†üÏ†{þ …¶•. ‹ú ÎŒ†°–

¬üã±€ …èý†Ù ðõ â±ôû „ìýñþ ‹ý»}±ÿ °… ð·Œ• ‹ú …èý†Ù Â†üÏ†{þ „²…¬ ìþ|Þññ~.

¨õ…Á ìß†ðýßþ

|ºßê 4 {Óýý±…– …¶}¥ß†ï Þ»»þ „ìý³û|ø† °… ‹† {±Þý� ¬°¾~ø†ÿ

ì©}éØ …èý†Ù ðõ ô Â†üÏ†{þ ð»†ó ìþ|¬ø~. …Òé� �µôø»ã±…ó â³…°½

Þ±¬û|…ð~€ …Ö³…ü¼ …¶}¥ß†ï Þ»»þ ¬° ìÛ†¬ü± Þí}± …² 01 ¬°¾~ …èý†Ù€

ð†Ÿý³ …¶•  ô ›ù•|âý±ÿ …èý†Ù ¬°ø± ¬ô ›ù• Æõèþ ô Î±Âþ ðý³ Ú†‹ê

ìç¤Ëú ðý·•. ‹ñ†‹±…üò€ {×†ô– ²ü†¬ÿ ¬° …Ö³…ü¼ …¶}¥ß†ï Þ»»þ ¬°

ºßê 1 -{Óýý±…– ²ì†ó �©• „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ ì©}éØ

…èý†Ù ðõ ô Â†üÏ†{þ.

ºßê 3 -{Óýý±…– ¶±Î• �©• „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ ì©}éØ

…èý†Ù ðõ ô Â†üÏ†{þ.

ºßê 2 -{Óýý±…– ²ì†ó ‹±º}ãþ „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ ì©}éØ

…èý†Ù ðõ ô Â†üÏ†{þ.

ºßê 4 -{Óýý±…– …¶}¥ß†ï Þ»»þ „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ

ì©}éØ …èý†Ù ðõ ô Â†üÏ†{þ ¬° ›ù•: )…èØ( Æõèþ ô )Ž( Î±Âþ.

)…èØ(

)Ž(
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ìÛ†¬ü± Þî …èý†Ù ¬° ›ù• Æõèþ ô Î±Âþ ì»†ø~û ðíþ|ºõ¬. …ì†€ ø± Ÿú

ìÛ~…° …èý†Ù …Ö³…ü¼ ü†‹~ ‹ú øí†ó ð·Œ• ìÛ~…° ›ù•|âý±ÿ ¬° ›ù•

Òé}à ) Æõèþ( ‹ý»}± ìþ|ºõ¬€ ¬° ð}ýœú {Ûõü•|Þññ~âþ ¬° …üò ›ù•

…Ö³…ü¼ ìþ|ü†‹~  ]62€52[.  øí†ó|Æõ° Þú  ºßê 4 ð»†ó ìþ|¬ø~€ …¶}¥ß†ï

Þ»»þ ¬° ìÛ~…°  rhp|02 …èý†Ù …Ö³…ü¼ Ú†‹ê ìç¤Ëú|…ÿ ¬…°¬ ô ìÛ~…°

…¶}¥ß†ï Þ»»þ ¬° ›ù• Æõèþ ðý³ ‹ý»}± …² ›ù• Î±Âþ …¶•. ²ü±…

¬° ¤†è• ›ù•|âý±ÿ Î±Âþ …èý†Ù€ °º~ {±á ‹ú „¶†ðþ ¬° Ö¿ê ì»}±á

ì†{±ü̧ -…èý†Ù …{×†Ý ìþ|…Ö}~. ‹ñ†‹±…üò€ …¶}¥ß†ï Þ»»þ Þí}±ÿ °… ð»†ó

ìþ|¬ø~ ]12[. °ôð~ …Ö³…ü»þ …¶}¥ß†ï Þ»»þ …èý†Ù Â†üÏ†{þ …² …èý†Ù ðõ

Þí}± …¶•. ‹ú Æõ°ÿ Þú …¶}¥ß†ï Þ»»þ ¬° ìÛ~…° rhp|02 …èý†Ù

Â†üÏ†{þ ìÏ†¬ë rhp51 …èý†Ù ðõ …¶•. Îé• …üò …̈}çÙ ìíßò …¶•

ÚÇ± ‹ý»}± …èý†Ù Â†üÏ†{þ ð·Œ• ‹ú …èý†Ù ðõ )D/L| Þí}± …èý†Ù Â†üÏ†{þ(

ô Ÿ·Œñ~âþ ÂÏýØ|{± …üò …èý†Ù ‹† ì†{±ü̧ ‹†º~€ ‹ú ¬èýê …üò Þú ÚŒç

�õº¼ ¬…¬û º~û|…ð~.

ºßê 5 ìÛ~…° …²¬ü†¬ Æõë {† �†°âþ °… ‹±…ÿ {í†ï „ìý³û|ø†ÿ …èý†Ù ðõ ô

Â†üÏ†{þ ð»†ó ìþ|¬ø~. ‹±…ÿ rhp5 …èý†Ù …‹}~… Þ†ø¼ ¶±üÐ …¶•€| ôèþ

‹† …Ö³…ü¼ rhp|01 …èý†Ù Þ†ø¼ {Û±üŒ†_ ÷†‹• ìþ|ì†ð~. ìÛ~…° {Óýý±…– …²¬ü†¬

Æõë {† �†°âþ ¬° ¤†è• Î±Âþ Þí}± …² Æõèþ …¶•. ºßê 6 ð»†ó

ìþ|¬ø~€ ìÛ~…° ›ùñ~âþ „ìý³û|ø† ‹† …Ö³ô¬ó …èý†Ù {† rhp|51 Þ†ø¼ ô

ºßê 5 -{Óýý±…– …²¬ü†¬ Æõë {† �†°âþ „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ

ì©}éØ …èý†Ù ðõ ô Â†üÏ†{þ ¬° ›ù•: )…èØ( Î±Âþ ô )Ž( Æõèþ.

)…èØ(

)Ž(

ºßê 6 -{Óýý±…– ›ùñ~âþ „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ ì©}éØ …èý†Ù

ðõ ô Â†üÏ†{þ.

ºßê 7 -{Óýý±…– …{çÙ ¶†ü¼ „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ ì©}éØ

…èý†Ù ðõ ô Â†üÏ†{þ.  |

ºßê 8 -{Óýý±…– ¶©}þ )A erohS( „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ

ì©}éØ …èý†Ù ðõ ô Â†üÏ†{þ.
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¶�̧ ÷†‹• ì†ð~û …¶•. Îé• Þ†ø¼ ›ùñ~âþ {† rhp|51 …èý†Ù °… ìþ|{õ…ó

‹ú …{çÙ …ð±ÿ́ ‹ý»}± ¬° Ö¿ê ì»}±á ‹ýò ì†{±ü̧ ô …èý†Ù ð·Œ• ¬…¬

Þú ‹† …Ö³…ü¼ ‹ý»}± …èý†Ù …üò ìÛ~…° …{çÙ …ð±ÿ́ ÷†‹• …¶•. …üò °ôð~

Þ†ìç_ ‹±…ÿ …èý†Ù ðõ ô Â†üÏ†{þ ì»†‹ú üà|¬üã± …¶•. ºßê 7 {Óýý±…–

ìÛ~…° ¶†ü¼ „ìý³û|ø† °… ð»†ó ìþ|¬ø~. ‹† …Ö³…ü¼ ¬°¾~ …èý†Ù ìÛ~…°

¶†ü¼ ‹ùŒõ¬ ìþ|ü†‹~. …üœ†¬ …{¿†æ– Úõÿ ‹ýò …èý†Ù ô ì†{±ü̧ Î†ìê

…Ö³…ü¼ ìÛ†ôì• ¶†ü»þ …¶• ]52-32[. °ôð~ {Óýý±…– ìÛ~…° ¶†ü¼

„ìý³û|ø†ÿ º†ìê …èý†Ù ðõ ô Â†üÏ†{þ �̧ …² rhp|5 …èý†Ù ì»†‹ú üà ¬üã±

…¶•. ºßê 8 ð»†ó ìþ|¬ø~€ ‹† …Ö³…ü¼ …èý†Ù ðõ ô Â†üÏ†{þ ¶©}þ

„ìý³û|ø† ðý³ …Ö³…ü¼ ü†Ö}ú …¶•. …üò …Ö³…ü¼ ¶©}þ °… ìþ|{õ…ó ‹ú ²ü†¬

‹õ¬ó ¶©}þ …èý†Ù ð†üéõó 66 …°{Œ†É ¬…¬. ¬° ºßê 9 ‹† …Ö³…ü¼ ìÛ~…°

…èý†Ù ðõ ô Â†üÏ†{þ ì†ð†üþ Ö»†°ÿ ¬° ¬ì†ÿ ì¥ýÈ …Ö³…ü¼ ü†Ö}ú …¶• Þú ºßê 9 -{Óýý±…– ì†ð†üþ Ö»†°ÿ „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ ì©}éØ

…èý†Ù ðõ ô Â†üÏ†{þ.

ºßê 01 -¬°¾~ º†̈À {õ°ï „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ ì©}éØ

…èý†Ù ðõ ô Â†üÏ†{þ ¬° ›ù•: )…èØ( Æõèþ ô )Ž( Î±Âþ.

)…èØ(

)Ž(ºßê 11 -{¿†ôü± ìýß±ô¶ßõ’ …èß}±ôðþ ¶Ç¦ ºß·•

Þ†ì�õ²ü•|ø†ÿ  ‹†: )…èØ( …èý†Ù ðõ ô )Ž( …èý†Ù Â†üÏ†{þ ¬…°…ÿ Î†ìê

¶†²â†°Þññ~û ¬° ›ù• Æõèþ.

)…èØ(

)Ž(
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{†‡üý~ÿ ‹± °ôð~ Þ†ø»þ  ìÛ~…° ›ùñ~âþ ¬…°¬. …Ö³…ü¼ ì†ð†üþ Ö»†°ÿ ¬°

…èý†Ù ðõ ô Â†üÏ†{þ °ôð~ ì»†‹ùþ ¬…°ð~. …ì† øí†ó Æõ° Þú ì»†ø~û

ìþ|ºõ¬€ ¬° …èý†Ù ðõ ìÛ~…° „ó ‹ý»}± …² …èý†Ù Â†üÏ†{þ …¶• Þú ‹ú Îé•

ÚÇ± ‹³°å|{± …èý†Ù Â†üÏ†{þ ð·Œ• ‹ú …èý†Ù ðõ …¶•.

ð}†ü� ì±‹õÉ ‹ú {õ°ï „ìý³û|ø† ‹† {±Þý� ¬°¾~ø†ÿ ì©}éØ …èý†Ù ðõ ô

Â†üÏ†{þ °… ìþ|{õ…ó ¬° ºßê 01 ì»†ø~û Þ±¬. ‹† …Ö³…ü¼ ¬°¾~ …èý†Ù

ìÛ~…° {õ°ï Þ†ø¼ ü†Ö}ú …¶• Þú ‹±…ÿ …èý†Ù Â†üÏ†{þ …üò ìÛ~…° Þ†ø¼

‹·ý†° Þí}± …¶•. Þ†ø¼ {õ°ï °… ìþ|{õ…ó ‹ú ìÛ~…° …{¿†æ– Úõÿ ‹ýò

…èý†Ù ô ì†{±ü̧€ …Ö³…ü¼ ìÛ†ôì• Ö¿ê ì»}±á „ðù† ô øî Ÿñýò ‹ú ìÛ~…°

{õ²üÐ ‹ý»}± …èý†Ù ¬° ì†{±ü̧ ð·Œ• ¬…¬ Þú ì†ðÐ …² ô°ô¬ ¤çë ‹ú ¬…̈ê

„ìý³û ìþ|ºõ¬. ¬° …èý†Ù Â†üÏ†{þ ‹ú Îé• Ÿ·Œñ~âþ ÂÏýØ|{± …üò …èý†Ù

‹ú ì†{±ü̧ ìÛ~…° {õ°ï ‹ý»}± …¶• ]62[.

ìÇ†èÏú ºßê ºñ†¶þ

|‹† ìÇ†èÏú ºßê|ºñ†¶þ ¶Ç¦ ºß·• Þ†ì�õ²ü•|ø† ‹ú Þíà MES|

ìþ|{õ…ó ‹ú ›ù•|âý±ÿ …èý†Ù ô ðý³ ‹ú …÷± Î†ìê ¶†²â†°Þññ~û �þ ‹±¬.

Þ†ì�õ²ü•|ø†ÿ ‹±°¶þ º~û ðíõðú|ø†ÿ 5 ô 01 ¬…°…ÿ …èý†Ù ðõ ô Â†üÏ†{þ

‹ú ìÛ~…° rhp|02 ¬° ›ù• Æõèþ ‹† Î†ìê ¶†²â†°Þññ~û ø·}ñ~. øí†ó Æõ°

Þú ¬° ºßê 11 )…èØ ô Ž( ì»†ø~û ìþ|ºõ¬€ ¬° …÷± {ñ¼ …Îí†ë º~û ‹ú

¬èýê Ÿ·Œñ~âþ ‹ýò …èý†Ù ô ì†{±ü̧€ ‹©¼|ø†ÿ Þõ{†û …èý†Ù ‹† …ð}ù†ÿ

ºß·}ú º~û …² °ôÿ ¶Ç¦ ì†{±ü̧ ‹ý±ôó Þ»ý~û ð»~û|…ð~€ ¬° ¤†èþ Þú

…â± …² Î†ìê ¶†²â†°Þññ~û …¶}×†¬û ð»õ¬ )ºßê 21( ºßê|ºñ†¶þ ¶Ç¦

ºß·• „ìý³û|ø† {×†ô– ¬…°¬. ‹ú …üò {±{ý� Þú ‹©¼|ø†ÿ ‹éñ~ …èý†Ù ô

‹ý±ôó Þ»ý~û º~ó „ðù† …² ¶Ç¦ ì†{±ü̧ ¬° …÷± {ñ¼ ô ¤×±û|ø†ÿ ‹ú ›†

ì†ð~û ð»†ó|¬øñ~û Ÿ·Œñ~âþ ÂÏýØ ‹ýò …èý†Ù ô ì†{±ü̧ …¶•.

øî|Ÿñýò ¬° ðíõðú|ø†ÿ {ùýú º~û ‹† …èý†Ù ðõ ô ¶†²â†° Þññ~û€ Ÿ·Œñ~âþ

‹ù}±ÿ ‹ýò ì†{±ü̧ æ¶}ýà RBN| ‹† …èý†Ù ð†üéõó 66 ì»†ø~û ìþ|ºõ¬

Þú {†‡üý~ Þññ~û ̈õ…Á ìß†ðýßþ ‹ù}± ¬° …üò Þ†ì�õ²ü•|ø†¶•. øî|Ÿñýò€

‹† {õ›ú ‹ú {¿†ôü± MES| ‹ú ¬¶• „ì~û ì»†ø~û ìþ|ºõ¬€ ø± ¬ô …èý†Ù ðõ

ô Â†üÏ†{þ ð·Œ}†_ ‹ú Æõ° üßñõ…̈• ¬° ¶±{†¶± ì†{±ü̧ �±…Þñ~û º~û ô ‹†

ì»†ø~û {¿†ôü± ‹† ‹³°å|ðí†üþ Þí}± …÷±ÿ Ú†‹ê ìç¤Ëú|…ÿ …² {œíÐ

…èý†Ù ¬ü~û ðíþ|ºõ¬.  |

ð}ýœú|âý±ÿ

¬° …üò �µôø¼ ì»©¿†– �©•€ ̈õ…Á Öý³üßþ€ ìß†ðýßþ ô
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