
N
anocomposite vulcunizates based on styrene-butadiene rubber (SBR),

organoclay and a conventional sulfur curing system were prepared by

melt blending process in an internal mixer. In order to study the effects of

the type of interfacial compatibilizer on the properties of SBR and clay nanoparticles,

three types of compatibilizers, maleic anhydride grafted ethylene-propylene diene

rubber (EPDM-g-MAH), acrylonitrile-butadiene rubber (NBR) and epoxidized natu-

ral rubber (ENR50) have been used. The nanocomposites have been compared

together from view point of their curing behavior, rheological and mechanical prop-

erties. The developed microstructure and dynamics of the macromolecular chains in

proximity of the clay nanolayers have been characterized using X-ray diffraction

(XRD), scanning electron microscopy (SEM), and melt rheo-mechanical spec-

troscopy (RMS). Curing behavior of the prepared nanocomposites has been evaluat-

ed using a rubber curing rheometer. EPDM-g-MAH and ENR50 showed to enhance

the interactions between SBR chains into clay tactoids much stronger than NBR as a

compatibilizer. These were consistent with the dynamic mechanical thermal analysis

(DMTA) data as well as macroscale mechanical properties tested on the samples.
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¬¶}ã†û Þ»¼ ì~ë 002awiH| ¶†̈• …ü±…ó€ ¬¶}ã†û  DRX| ì~ë

spilihP¶†̈• øéñ~€ ¬¶}ã†û {œ³üú ¬üñ†ìýßþ -ìß†ðýßþ â±ì†üþ

notirT-ATMD| ì~ë0002cetirT¶†̈• …ðãé·}†ó ô ìýß±ô¶ßõ’

…èß}±ôó|�õü»þ )MES( ì~ë ygolonhceT nores 0012-SIA¶†̈•

Þ±û ‹ú Þ†° â±Ö}ú º~.

°ô½|ø†

„ìý©}ú|¶†²ÿ ô {ùýú ð†ðõÞ†ì�õ²ü•  RRBBSS|- ð†ðõ°¹ …¾ç§ º~û

‹ú ìñËõ° {ùýú ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü•€ …² Ö±…üñ~ …̈}çÉ ì̄…Ž ¬°

ì©éõÉ|Þò ¬…̈éþ ‹† �ý¢ ì~ë ‹ñŒõ°ÿ  ‹† ¬ô ¶±Î• ì}×†ô– 04 ô

mpr|09  )nim8  ‹† ¬ô° 04 ô nim6  ‹† ¬ô°09 (|€ ¬ì†ÿ …ôèýú Co|07 ô ²ì†ó

Þéþ nim41 …¶}×†¬û º~. …‹}~…€ æ¶}ýà RBS| ‹ú øí±…û ¶†²â†°Þññ~û ¬°

ì©éõÉ Þò °ü©}ú º~û {† â»}†ô° ¬¶}ã†û ‹ú ¤†è• �†ü~…° ‹±¶~€ ¶�̧

ð†ðõ°¹ ô ìõ…¬ …Ö³ô¬ðþ ‹ú ›³Š ìõ…¬ �©• )¬° ›~ôë 1( …Â†Öú º~.

øî|Ÿñýò€ ‹ú ìñËõ° ôôèß†ð¼ „ìý©}ú|ø†ÿ {ùýú º~û …² üà ¶†ì†ðú �©•

âõâ±¬ÿ …¶}×†¬û º~. ‹±…ÿ …üò ìñËõ°€ ¶†ì†ðú ôôèß†ð¼ ‹† …Ö³ô¬ó ìõ…¬

�©• ‹† „¶ý†Ž ¬ô Òé}ßþ „²ì†ü»ã†øþ ‹† ¬ì†ÿ …ôèýú Co05-04ô ì~–

²ì†ó  nim5-4 …ðœ†ï º~. ìÛ~…° ð†ðõ°¹ ÷†‹•€ 7 ¬°¾~ ô²ðþ ô ð·Œ•

ô²ðþ ð†ðõ°¹ …¾ç§ º~û ‹ú ¶†²â†° Þññ~û 1 ‹ú 1 …ð}©†Ž º~.     |

Ÿãõðãþ ì»©¿ú �©• ð†ðõÞ†ì�õ²ü•|ø†ÿ RBS -ð†ðõ°¹ ¬°

¬ì†ÿ Co551 ‹±…¶†¹ …¶}†ð~…°¬ 9825 MTSA| ‹† …¶}×†¬û …² °õ̂ì}±

�©• æ¶}ýà …°²ü†‹þ º~. ‹† …¶}×†¬û …² ìñ¥ñþ â»}†ô° ‹±¤·� ²ì†ó ‹ú

¬¶• „ì~û€ ²ì†ó ‹±º}ãþ )2t(€ ²ì†ó �©• ‹ùýñú )09t(€ ‹ý»ýñú ô Þíýñú

â»}†ô° ì¥†¶Œú ô ìõ°¬ ìÇ†èÏú Ú±…° â±Ö•.

‹±…ÿ {ùýú ðíõðú ‹±…ÿ „²ìõó Þ»¼€ ¾×¥†{þ ‹ú Â©†ì• mm2 …²

ðíõðú|ø† ¬° ¬ì†ÿ Co551 ‹± …¶†¹ ²ì†ó �©• ‹ùýñú€ ‹† �±¹ ¬…Õ Ö»†°ÿ

øý~°ôèýà {ùýú º~. ¾×¥†– ôôèß†ðý~û ‹ú ºßê ¬ìŒê ‹±ü~û º~û ô

‹±…ÿ …°²ü†‹þ ìß†ðýßþ ‹† …¶}×†¬û ¬¶}ã†û Þ»¼ ‹† ¶±Î•

nim/mm|005 ÆŒÜ …¶}†ð~…°¬ 39-214MTSA| ìõ°¬ „²ìõó Ú±…° â±Ö•.

¬°›ú ‹ýò æüú|…ÿ º~ó ®°…– ð†ðõ°¹ ‹† …¶}×†¬û …² ¬¶}ã†û  DRX| ‹† �±{õ

kuC)Æõë ìõž mn650451/0=| (ìõ°¬ …°²ü†‹þ Ú±…° â±Ö•. ‹† …¶}×†¬û

…² Ú†ðõó ‹±…å )θ2nisd2=| (Ö†¾éú ‹ýò ¾×¥†– ð†ðõ°¹ ì¥†¶Œú º~.

ðíõðú|ø† ‹† ¶±Î• 1-s20/0 ‹ýò o21-1= θ2 �±¬…²½ º~û …¶•.

λ

λ α

›~ôë 1 -ìõ…¬ …¶}×†¬û º~û ¬° {ùýú ð†ðõÞ†ì�õ²ü•.

*Ú·í• ð·Œ• ‹ú 001 Ú·í• æ¶}ýà.

ìÛ~…°)*rhp( ì†¬û

001|

5|

5/1|

3/1|

2/2

æ¶}ýà …¶}ý±ó -‹õ{†¬ÿ|…ó|

°ôÿ …Þ·ý~ |

…¶}‰†°üà …¶ý~|

º}†Ž|¬øñ~û|

âõâ±¬
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‹±°¶þ …÷± ðõÑ ¶†²â†°Þññ~û ‹± ̈õ…Á ð†ðõÞ†ì�õ²ü•|ø†ÿ �†üú …æ¶}õì±  RRBBSS|- ð†ðõ°¹ …¾ç§ º~û ìý}±… {õÞéþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 1€ Ö±ô°¬üò ƒƒ …°¬üŒù»• 9831 

ì~ôë ®̈ý±û )'E( ô Â±ü� …{çÙ ìß†ðýßþ )nat( ‹ú Îñõ…ó {†‹Ïþ …²

¬ì† ‹±…ÿ ðíõðú|ø†ÿ �©• º~û ‹† …¶}×†¬û ¬¶}ã†û {œ³üú ¬üñ†ìýßþ -

ìß†ðýßþ â±ì†üþ …ð~…²û|âý±ÿ º~. …üò „²ìõó ¬° ºýõû Þ»»þ ¬° ‹·†ì~

zH1 ¬° ì¥~¬û ¬ì† 001 -  {† Co001 + …ðœ†ï º~.

°Ö}†° °õ̂èõ´üßþ ì̄…Ž ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• �©• ð»~û ‹ú

Þíà ¬¶}ã†û  002SU acisyhP raaP)¶†̈• Þ»õ° …{±ü¼( ‹†

¾×¥†– ìõ…²ÿ ‹† ÚÇ± mm52 ¬° ¬ì†ÿ Co|061 …ð~…²û|âý±ÿ º~. ‹†

…¶}×†¬û …² „²ìõó �õü¼ Þ±ð¼ ð†¤ýú â±…ð±ôÞ»·†ó ̈Çþ )1%( …ð}©†Ž

º~. ‹† …ðœ†ï „²ìõó �õü¼ ‹·†ì~€ â±…ð±ôÿ ì©}éÈ )*| ( ô ì~ôë

Þ»·†ðþ ì̄…Ž )'G( …ð~…²û|âý±ÿ º~.

¶Ç¦ ºß·• ôôèß†ðý~û|ø† ‹† …¶}×†¬û …² ìýß±ô¶ßõ’ …èß}±ôðþ ¬°

ôè}†́ Vk|02 ìõ°¬ ìÇ†èÏú Ú±…° â±Ö•. üà æüú ð†²á Æç °ôÿ ¶Çõ§

ºß·• ðíõðú|ø† �õº¼ ¬…¬û º~ {† ì†ðÐ …² ‹†°¬…° º~ó …èß}±ô…¶}†{ýà

¤ýò „²ì†ü¼ ºõ¬ Þú …üò Îíê ‹ú ô¶ýéú ¬¶}ã†û  hcetimE| ì~ë  0267-CS|

¶†̈• …ðãé·}†ó …ðœ†ï º~.

ð}†ü� ô ‹¥™

°Ö}†° ôôèß†ð¼ ðíõðú|ø†

…÷± ô›õ¬ ¶†²â†°Þññ~û|ø†ÿ 05RNE€ HAM--MDPE ô RBN| ‹±

°Ö}†° ôôèß†ð¼ |ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ {ùýú º~û ¬° ºßê|ø†ÿ 1 ô 2

ð»†ó ¬…¬û º~û …¶•. ‹ú Æõ° Þéþ€ ‹ý»ýñú ô Þíýñú â»}†ô° ¬° ìñ¥ñþ

°õ̂ì}± �©• ‹ú {±{ý� ‹† ì~ôë ô â±…ð±ôÿ ì†¬û ì±{ŒÈ ø·}ñ~ ô {×†ô–

…üò ¬ô Þíý• ðý³ ¬° …°{Œ†É Òý±ì·}Ûýî ‹† Ÿã†èþ …{¿†æ– Î±Âþ ºŒßú

ôôèß†ð¼ …¶•.

øí†ó|Æõ° Þú ¬° ºßê 1 ìç¤Ëú ìþ|ºõ¬€ …Ö³…ü¼ ¶†²â†°Þññ~û|ø† ‹ú

„ìý©}ú RBS| ô ð†ðõ°¹ ‹†Î™ …Ö³…ü¼ ¬° ‹ý»ýñú  ô Þíýñú â»}†ô° ô

øî|Ÿñýò  {×†ô– ¬° ‹ý»ýñú  ô Þíýñú â»}†ô° º~û Þú …üò …Ö³…ü¼ ¬° ðíõðú

‹† ¶†²â†° Þññ~û HAM--MDPE| ô 05RNE| ‹ý»}± …¶•. …üò …Ö³…ü¼

ìþ|{õ…ð~ üà ð»†ðú Òý±ì·}Ûýî ‹±…ÿ ‹ùŒõ¬ ¬° °Ö}†° ‹ýò|æüú|…ÿ º~ó -

ô°Úú|…ÿ º~ó ô Ÿ·Œñ~âþ ‹ýò ¶Ç¥þ ̈õŽ ô RBS| ô ð†ðõ°¹ ¬°

¤Ãõ° …üò ¶†²â†° Þññ~û|ø† ‹†º~. ‹†ü~ ì}̄Þ± º~€ â±ôû|ø†ÿ …ðý~°ü~ ô

…�õÞ·þ ¶†²â†° Þññ~û|ø† ðý³ ìþ|{õ…ð~ …² °…û ô…Þñ¼ ‹† Îõ…ìê „ìýñþ ¬°

ð†ðõ°¹ …¾ç§|º~û °ôÿ Ö±…üñ~ ÖÏ†ë|¶†²ÿ -…{¿†ë Î±Âþ …÷±â̄…°

‹†º~. …üò …ì± ìþ|{õ…ð~ ‹†Î™ {Óýý± ¬°Ÿã†èþ ºŒßú …{¿†æ– Î±Âþ ô

�±…Þñ¼ ð†ðõ°¹ ºõ¬ Þú ø± ¬ô …üò Îõ…ìê °ôÿ ¶×}þ ð†ðõÞ†ì�õ²ü•

…÷±â̄…° …¶•. …â± Ÿú ô›õ¬ ¶†²â†°Þññ~û ‹ú {ñù†üþ ðý³ ìíßò …¶• ¬°

…Ö³…ü¼ …{¿†æ– Î±Âþ ¶ùî ¬…º}ú ‹†º~.  |

¬° ºßê 2 ìç¤Ëú ìþ|ºõ¬€ …Ö³…ü¼ ð†ðõ°¹ …¾ç§ º~û ‹ú …æ¶}õì±

RBS| ‹†Î™ …Ö• º~ü~ ¬° ²ì†ó ‹±º}ãþ ô �©• ‹ùýñú º~û Þú …üò °Ö}†° ‹ú …÷±

º}†Ž|¬øñ~âþ …¾ç§ Þññ~û ¶Ç¥þ ¬° ¶†̈}†° ð†ðõ°¹ ð·Œ• ¬…¬û ìþ|ºõ¬.

Ÿñýò °Ö}†°ÿ {õ¶È ¶†ü± �µôø¼|â±…ó ðý³ â³…°½ º~û …¶• ]72€32[. …²

Æ±Öþ€ …Ö³…ü¼ ¬ô ì†¬û RBN| ô 05RNE‹ú „ìý©}ú  æ¶}ýà RBS| ô ð†ðõ°¹

‹†Î™ Þ†ø¼ ‹ý»}± ¬° …üò ¬ô ²ì†ó º~û …¶• Þú ìþ|{õ…ð~ì±‹õÉ ‹ú ÚÇŒý•

‹ý»}± …üò ¬ô ì†¬û ð·Œ• ‹ú HAM--MDPE| ‹†º~. …² ¬ô ðíõ¬…° ì³‹õ°

ìþ|{õ…ó ð}ýœú â±Ö• Þú â±ôû|ø†ÿ ÚÇŒþ ¬° 05RNE| ô RBN‹†Î™ ÖÏ†ë

º~ó …{¿†ë ¬ôâ†ðú º~û ô ²ì†ó ¬¶•|ü†‹þ ‹ú …{î âõâ±¬ ô º±ôÑ ôôèß†ð¼

ô ¬° ð}ýœú �©• ‹ùýñú °… Þ†ø¼ ¬…¬û|…ð~. …üò …÷± Þ†ø¼ ²ì†ó ‹±º}ãþ ô

�©• ‹ùýñú ¬° ‹†°û ¶†²â†°Þññ~û 05RNE| ¬° ð†ðõÞ†ì�õ²ü• ‹± �†üú RN|-

g

g

g

η

δ

ºÞê 1 -‹ý»ýñú ô Þíýñú â»}†ô° ô {×†Âê …üò ¬ôâ»}†ô° ¬° ì±¤éú

ôôèß†ð¼ ‹±…ÿ „ìý©}ú RBS| Ö†Ú~ ø± ðõÑ �±Þññ~û ô ðíõðú|ø†ÿ

ð†ðõÞ†ì�õ²ü• CO/RBS| ¶†²â†° º~û ô ¶†²â†° ð»~û.

ºßê 2 -ìÛ†ü·ú ²ì†ó|ø†ÿ ‹±º}ãþ ô �©• ‹ùýñú ‹±…ÿ „ìý©}ú  RBS|

Ö†Ú~ ø± ðõÑ �±Þññ~û ô ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• CO/RBS¶†²â†° º~û

ô ¶†²â†° ð»~û.



‹±°¶þ …÷± ðõÑ ¶†²â†°Þññ~û ‹± ̈õ…Á ð†ðõÞ†ì�õ²ü•|ø†ÿ �†üú …æ¶}õì±  RRBBSS|- ð†ðõ°¹ …¾ç§ º~û ìý}±… {õÞéþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 1€ Ö±ô°¬üò ƒƒ …°¬üŒù»• 9831 70

ð†ðõ°¹ …¾ç§ º~û  ðý³ ì»†ø~û º~û …¶• ]22[.

�±…Þñ¼ ð†ðõ°¹ …¾ç§ º~û

¬° ºßê 3 …èãõÿ DRX| ð†ðõ°¹ …¾ç§ º~û€ ðíõðú æ¶}ýà ‹†

ð†ðõ°¹ ¶†²â†° ð»~û ô øî Ÿñýò ¶ú ðíõðú ¶†²â†°º~û ð»†ó ¬…¬û º~û

…¶•. A51 etisiolC| üà �ýà �ùò ¬° o437/2=θ2 ð»†ó ìþ|¬ø~ Þú

ìÇ†‹Ü ‹† Ö†¾éú ‹ýò|æüú|…ÿ mn 22/3=100d| …¶•. ð†ðõÞ†ì�õ²ü•

¶†²â†°ð»~û ¬…°…ÿ üà �ýà ‹†°üà ô {ñ~ ¬° o3/2=θ2 ìÇ†‹Ü ‹† Ö†¾éú

‹ýò æüú|…ÿ mn| 928/3 …¶•. …¶}×†¬û …² RBN| ‹ú Îñõ…ó ¶†²â†°Þññ~û

‹†Î™ ›†‹ú|›†üþ Þíþ ¬° �ýà|ø† ¬° ðõ…¤þ ì©}éØ ð·Œ• ‹ú ðíõðú

¶†²â†° ð»~û º~û …¶•.

ô›õ¬ MDPE| ì†è‰ýà|¬…° ¬° ðíõðú �ýà �ùñþ ¬° ð†¤ýú o051/2=θ|2

ìÏ†¬ë ‹† Ö†¾éú ‹ýò æüú|…ÿ mn501/4 …üœ†¬ Þ±¬û ô ðíõðú ¶†²â†° º~û ‹†

05RNE�ýßþ ¬° o591/2=θ2  ô ìÇ†‹Ü ‹† Ö†¾éú ‹ýò æüú|…ÿ mn120/4 °…

ð»†ó ìþ|¬ø~ Þú ð»†ó|â± ‹ýò æüú|…ÿ º~ó ‹ý»}± ð†ðõæüú|ø† ô {õ²üÐ

üßñõ…̈•|{± „ðù† ¬° ðíõðú|ø†ÿ ¶†²â†°º~û ‹† HAM--MDPE| ô

05RNE| …¶•. …² Æ±Öþ€ �ýà|ø†ÿ ìõ›õ¬ ¬° ²ô…ü†ÿ ¤~ô¬ 2 ô 4 ¬°›ú

¬° …üò ðíõðú|ø† ðý³ ‹ú ¶í• ²ô…ü†ÿ Þí}± ›†‹ú|›† º~û ô …² º~– „ðù† ðý³

Þ†¶}ú º~û …¶•. ‹ú ÎŒ†°– ¬üã±€ …Ö³ô¬ó …üò ìõ…¬ ‹ú Îñõ…ó

¶†²â†°Þññ~û ‹ú RBS| ‹†Î™ „¶†ó º~ó ð×õ® ²ðœý±ø† ‹ú ¬…̈ê

ð†ðõæüú|ø† º~û|…ð~. …ì†€ ‹ú ìÏñ†ÿ …üò ðý·• Þú {œíÐ ¾×¥†– Þ†ìç_ …²

‹ýò °Ö}ú …¶•. ‹±…ÿ ¬°á ‹ý»}± °Ö}†° ðíõðú|ø† ¶†ü± ̈õ…Á ì†ðñ~

¨õ…Á ìß†ðýßþ ô °õ̂èõ´üßþ  ðíõðú|ø† ìÇ†èÏú º~.  |

ìýß±ô¶ßõ’ …èß}±ôðþ …² ¶Çõ§ ºß·•

ºßê 4 ) …èØ {† ž( °ü³ðã†° MES| …² ¶Ç¦ ºß·• Þ»»þ ðíõðú|ø†ÿ

ôôèß†ðý~û ¶†²â†°ð»~û ô ¶†²â†°º~û °… ð»†ó ìþ|¬ø~. ì»†ø~û

ìþ|ºõ¬€ ‹† …Ö³ô¬ó ¶†²â†°Þññ~û€ ¶Çõ§ ºß·• ¬° ìÛ†ü·ú ‹† ðíõðú

ôôèß†ðý~û ¶†²â†°ð»~û ²‹±{± º~û Þú ð»†ó|â± °Ö}†° ºß·• ºßññ~û

…¶•. ¬° ¤†èþ Þú ðíõðú ¶†²â†°ð»~û ¶Ç¦ ºß·• ¾†Ù ¬…°¬ Þú

ð»†ó|â± …ð±ÿ́ Ÿ·Œñ~âþ Þî ‹±…ÿ ºß·• …¶•. °Ö}†° ì»†‹ùþ ‹±…ÿ

ð†ðõÞ†ì�õ²ü• RN|- ð†ðõ°¹ …¾ç§ º~û  ðý³ â³…°½ º~û …¶• ]22[.

…üò °Ö}†° °… ìþ|{õ…ó ‹ú …Ö³…ü¼ Ÿ·Œñ~âþ ‹ýò|¶Ç¥þ ‹ýò ð†ðõæüú|ø†ÿ

ð†ðõ°¹ �±…Þñ~û º~û ô ²ìýñú RBS| ð·Œ• ¬…¬ Þú ‹†Î™ ›éõâý±ÿ …²

{í±Þ³ {ñ¼ ¬° ²ìýñú º~û ô ìþ|{õ…ð~ ð»†ðú ‹ùŒõ¬ ¶†²â†°ÿ ô ‹ñ†‹±…üò

‹±øî|Þñ¼ ‹ýò æ¶}ýà RBS| ô ¾×¥†– ð†ðõ°¹ ‹†º~. …èŒ}ú ¬°›ú

²‹±ÿ ¬° ðíõðú|ø†ÿ ¤†ôÿ ¬ô ¶†²â†° Þññ~û HAM--MDPE

|ô|05RNEð·Œ• ‹ú RBN| ‹ý»}± …¶•.

°õ̂èõÿ́ ì̄…Ž

‹ú ìñËõ° {Ïýýò ð†¤ýú â±…ð±ô Þ»·†ó ̈Çþ€ „²ìõó �õü¼ Þ±ð¼ °ôÿ

ðíõðú RBS|- ð†ðõ°¹ …ðœ†ï º~ )ºßê 5 (. ìÇ†‹Ü ºßê 5€ Þ±ð¼ 1% ¬°

…üò ìñÇÛú Ú±…° ìþ|âý±¬ Þú ¬° …üò Þ±ð¼ °Ö}†° °õ̂èõ´üßþ ì̄…Ž

ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• ìõ°¬ …°²ü†‹þ Ú±…° â±Ö•.

ºßê|ø†ÿ 6 ô 7 …÷± ¶±Î• ‹±½ )‹·†ì~( °ôÿ â±…ð±ôÿ ì©}éÈ

ô ì~ôë ®̈ý±û ‹±ºþ )'G(| ‹±…ÿ ðíõðú|ø†ÿ �©• ð»~û RBS|

�±ð»~û ô RBS|-ð†ðõ°¹ ¶†²â†°º~û ô ð»~û °… ð»†ó ìþ|¬øñ~. ‹†

…Ö³…ü¼ ø± ¶ú ¶†²â†°Þññ~û€ â±…ð±ôÿ ì©}éÈ …Ö³…ü¼ ü†Ö}ú …¶• )ºßê

6(. øí†ó|Æõ° Þú ìç¤Ëú ìþ|ºõ¬€ ðíõðú|ø†ÿ ¤†ôÿ ¬ô ¶†²â†°Þññ~û

HAM--MDPEô 05RNE¬° {í†ï ‹·†ì~ø† ¬…°…ÿ â±…ð±ôÿ ì̄…Ž

‹ý»}± ø·}ñ~. øî|Ÿñýò€ ì~ôë ®̈ý±û ‹±ºþ ¬° ðíõðú|ø†ÿ ¤†ôÿ …üò ¬ô

¶†²â†°Þññ~û ¬° ‹·†ì~ø†ÿ Þî {Û±üŒ†_ ì·}Ûê …² ‹·†ì~ º~û …¶• Þú

‹ý†ó|â±{»ßýê ºŒßú ‹ýò ð†ðõ°¹ …¶• )ºßê 7(. …üò °Ö}†° °… ìþ|{õ…ó ‹ú

…÷± ¶†²â†°Þññ~âþ ô ‹ñ†‹±…üò ¬°›ú ‹ý»}± ‹ýò|æüú|…ÿ º~ó ²ðœý±ø†ÿ

…æ¶}õì± RBS |¶†²â†° º~û ‹† „ðù† ð·Œ• ¬…¬ Þú {†‡üý~ÿ ‹± ð}†ü�  DRX|

ô MES| …¶•. Ú†‹ê ®Þ± …¶•€ ô›õ¬ ¶†²â†°Þññ~û ¬° ²ìýñú ‹ú {ñù†üþ

ðíþ|{õ…ð~ ‹†Î™ …Ö³…ü¼ Ú†‹ê {õ›ú ¬° ì~ôë Þ»·†ðþ ¬° ‹·†ì~ø†ÿ Þî

ºõ¬. Ÿõó€ ¤}þ …â± ¶†²â†°Þññ~û Ö†² ›~…â†ðú|…ÿ {»ßýê ¬ø~ ¬° „ó

¤†è• �†¶ª Þ»·†ó ð†ºþ …² ‹±øî|Þñ¼ ÚÇ±û ô ²ìýñú ¬° ìÛ†ü·ú ‹†

ìÛ†¬ü± 'G| ì»†ø~û º~û ‹±…ÿ ðíõðú ð†ðõÞ†ì�õ²ü•|ø†ÿ ¶†²â†° º~û

‹·ý†° ð†Ÿý³ …¶•.  |

g

|)η∗(

g

g

ºßê3-…èãõÿ �±…½ �±{õ Xð†ðõ°¹ …¾ç§ º~û ô ð†ðõÞ†ì�õ²ü•|ø†ÿ

CO/RBS| ¶†²â†° º~û ô ¶†²â†° ð»~û.



71

‹±°¶þ …÷± ðõÑ ¶†²â†°Þññ~û ‹± ̈õ…Á ð†ðõÞ†ì�õ²ü•|ø†ÿ �†üú …æ¶}õì±  RRBBSS|- ð†ðõ°¹ …¾ç§ º~û ìý}±… {õÞéþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 1€ Ö±ô°¬üò ƒƒ …°¬üŒù»• 9831 

°Ö}†° ìß†ðýßþ- ¬üñ†ìýßþ

ºßê|ø†ÿ 8 ô 9€ ì~ôë ®̈ý±û ¬üñ†ìýßþ )'E( ô Â±ü� …{çÙ

¬üñ†ìýßþ)nat( °… ‹ú ºßê {†‹Ïþ …² ¬ì†  ‹±…ÿ ðíõðú|ø†ÿ RBS| �±ð»~û

ô ð†ðõÞ†ì�õ²ü•|ø†ÿ RBS|- ð†ðõ°¹ ¶†²â†°º~û ô ð»~û ð»†ó ìþ|¬øñ~.

¬° ºßê8 ìç¤Ëú ìþ|ºõ¬€ …Ö³…ü¼ ð†ðõ°¹ ô øî|Ÿñýò ¶†²â†°Þññ~û ‹ú

…æ¶}õì± RBS| ‹†Î™ …Ö³…ü¼ ì~ôë ®̈ý±û ¬° ¬ì†ÿ ‹†æÿ ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ º~û Þú ‹ý»}±üò ì~ôë ®̈ý±û ¬° …üò ð†¤ýú °… ðíõðú ¶†²â†°

º~û ‹† 05RNE| ô HAM--MDPE| ¬…°¬. øî Ÿñýò€ Þ†ø¼ ²ü†¬ ¬°

…°{×†Ñ �ýà gT| ¬° ìñ¥ñþ Â±ü� …{çÙ )xamnat( ‹± ¤·� ¬ì† )ºßê 9(

‹±…ÿ ðíõðú|ø†ÿ ¶†²â†°º~û ì»†ø~û ìþ|ºõ¬ Þú ð»†ó|â± �†¶ª Þ»·†ó

ÚÇÏú|ø†ÿ RBS| ¬° ¶Ç¦ ì»}±á „ðù† ‹† ð†ðõ°¹ ô Þ†ø¼ ¤±Þ†– â±…ð±ô

¬° ¤†è• …¶}×†¬û …² ¶†²â†° Þññ~û …¶• ]52[. …üò °Ö}†° °… ìþ|{õ…ó ‹ú �±…Þñ¼

‹ý»}± ð†ðõæüú|ø†ÿ ð†ðõ°¹ ðý³ ð·Œ• ¬…¬. ›†‹ú|›†üþ Þî ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ ‹ú ¬ì†ÿ ‹†æ{± ¬° ðíõðú|ø†ÿ ¤†ôÿ 05RNE| ô HAM-g-MDPE|

°… ìþ|{õ…ó ð†ºþ …² Ÿ·Œñ~âþ ‹ý»}± ¶Ç¦ ð†ðõ°¹ ‹† …æ¶}õì± RBS|

¬…ð·•. �ýà ÷†ðõüú|…ÿ ¬°ø± ¬ô ºßê 8 ô 9 ¬° ðíõðú ¶†²â†°º~û ‹†

δ

g

δ

)…èØ()Ž(

)ž()¬(

ºßê 4 -ìÛ†ü·ú {¿†ôü± ìýß±ô¶ßõ’ …èß}±ôðþ ¶Çõ§ ºß·• Þ»»þ ðíõðú|ø†ÿ:)…èØ( CO/RBS|€ )Ž( RBN/CO/RBS|€ )ž( RNE/CO/RBS| ô

) ¬( HAM--MDPE/CO/RBS|. g

ºßê 5 -ì~ôë ®̈ý±û ‹±ºþ)'G( ‹ú Îñõ…ó {†‹Ïþ …² Þ±ð¼ ‹±…ÿ „ìý©}ú

CO/RBS.|



‹±°¶þ …÷± ðõÑ ¶†²â†°Þññ~û ‹± ̈õ…Á ð†ðõÞ†ì�õ²ü•|ø†ÿ �†üú …æ¶}õì±  RRBBSS|- ð†ðõ°¹ …¾ç§ º~û ìý}±… {õÞéþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 1€ Ö±ô°¬üò ƒƒ …°¬üŒù»• 9831 72

05RNE| ì»†ø~û ìþ|ºõ¬ Þú ‹ú ô…¶Çú ô›õ¬ ‹©»þ …² æ¶}ýà …¶• Þú

‹ýò æüú|ø†ÿ ¶ýéýß†– ‹ýò æüú|…ÿ º~û ‹ú ô›õ¬ „ì~û …¶• Þú …üò °Ö}†°

ðý³ ¬° ¶†²â†°¶†²ÿ æ¶}ýà RN| ‹† 05RNE¬° ìœ†ô°– ð†ðõ°¹ ðý³

â³…°½ º~û …¶• ]22[.  …² Æ±Öþ€ …Ö³…ü¼ ì~ôë ®̈ý±û ¬° ðíõðú|ø†ÿ

¶†²â†°º~û ðý³ ¬° {õ…ÖÜ ‹† ð}ýœú {×†Âê â»}†ô° ‹ý»ýñú ô Þíýñú ¤†¾ê

…² ìñ¥ñþ �©• …¶•.

¨õ…Á Þ»»þ

…¶}¥ß†ï Þ»»þ ô …²¬ü†¬ Æõë {† �†°âþ ‹±…ÿ RBS| �±º~û ô

ð†ðõÞ†ì�õ²ü•|ø†ÿ RBS|- ð†ðõ°¹ ¶†²â†° º~û ô ð»~û ¬° ºßê 01

ð»†ó ¬…¬û º~û …¶•. ‹ú ôÂõ§ ¬ü~û ìþ|ºõ¬€ …¶}¥ß†ï Þ»»þ ô …²¬ü†¬

Æõë {† �†°âþ ð†ðõÞ†ì�õ²ü•|ø†ÿ RBS|- ð†ðõ°¹ ¶†²â†° º~û ‹†

05RNE| ô MDPE| ì†è‰ýà|¬…° ‹·ý†° ‹ý»}± …² ð†ðõÞ†ì�õ²ü•

¶†²â†°º~û ‹† RBN| ô ðíõðú|ø†ÿ ¶†²â†° ð»~û ô �±ð»~û …¶•. …üò

‹ùŒõ¬ ̈õ…Á °… ìþ|{õ…ó ‹ú {±{ý� ‹ú â±ôû|ø†ÿ …�õÞ·þ ô …ðý~°ü~ ¬°

05RNE |ô HAM--MDPEð·Œ• ¬…¬ Þú ‹†Î™ ‹ùŒõ¬ �±…Þñ¼

ð†ðõ°¹ ô ¬° ð}ýœú Ÿ·Œñ~âþ ²ìýñú -ð†ðõ°¹ ô øî|Ÿñýò …Ö³…ü¼ ìÛ~…°

…{¿†æ– Î±Âþ ¬° …Æ±…Ù ð†ðõæüú|ø† º~û …¶•.

…Ö³…ü¼ …²¬ü†¬ Æõë {† �†°âþ øí±…û ‹† …Ö³…ü¼ …¶}¥ß†ï Þ»»þ ¬°

g

ºßê6 -â±…ð±ôÿ ì©}éÈ‹ú Îñõ…ó {†‹Ïþ …² ‹·†ì~ ‹±…ÿ „ìý©}ú

RBS| Ö†Ú~ ø± ðõÑ �±Þññ~û ô ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• CO/RBS|

¶†²â†° º~û ô ¶†²â†° ð»~û.

(η*)

ºßê7 -ì~ôë ®̈ý±û ‹±ºþ)'G( ‹ú Îñõ…ó {†‹Ïþ …² ‹·†ì~ ‹±…ÿ „ìý©}ú

RBS| Ö†Ú~ ø± ðõÑ �±Þññ~û ô ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• CO/RBS|

¶†²â†° º~û ô ¶†²â†° ð»~û.

ºßê 8 -ì~ôë ®̈ý±û )'E( ‹ú Îñõ…ó {†‹Ïþ …² ¬ì† )T( ‹±…ÿ „ìý©}ú RBS|

Ö†Ú~ ø± ðõÑ �±Þññ~û ô ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• CO/RBS| ¶†²â†° º~û

ô ¶†²â†° ð»~û.

ºßê9 -Â±ü� …{çÙ )nat( ‹ú Îñõ…ó {†‹Ïþ …² ¬ì† )T( ‹±…ÿ „ìý©}ú

RBS| Ö†Ú~ ø± ðõÑ �±Þññ~û ô ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• CO/RBS

¶†²â†° º~û ô ¶†²â†° ð»~û.

δ



73

‹±°¶þ …÷± ðõÑ ¶†²â†°Þññ~û ‹± ̈õ…Á ð†ðõÞ†ì�õ²ü•|ø†ÿ �†üú …æ¶}õì±  RRBBSS|- ð†ðõ°¹ …¾ç§ º~û ìý}±… {õÞéþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 1€ Ö±ô°¬üò ƒƒ …°¬üŒù»• 9831 

¶†ì†ðú …æ¶}õì±- ð†ðõ°¹ °… ¶†ü± �µôø¼|â±…ó ðý³ â³…°½ Þ±¬û|…ð~ Þú

‹ú ô…¶Çú Þ†ø¼ Ÿã†èþ …{¿†æ– Î±Âþ ¬° {õ¬û æ¶}ýà ô …Ö³…ü¼

Ÿã†èþ …{¿†æ– Î±Âþ ¬° …Æ±…Ù ð†ðõæüú|ø†¶• ]02[.

…÷± …üò ¬ô ¶†²â†°Þññ~û ¬° ‹ùŒõ¬ ‹±øî|Þñ¼ ‹ýò ²ðœý±ø†ÿ ¬°º•

ìõèßõë RBS| ô ð†ðõæüú|ø†ÿ ð†ðõ°¹ ¬° ºßê 11 ‹† …Ö³…ü¼ ¬° {ñ¼

Þ»»þ ¬° 001 ô 003  ¬°¾~ …²¬ü†¬ Æõë ð·Œ• ‹ú ¶†ü± ðíõðú|ø† ð»†ó

¬…¬û º~û …¶•. …üò …÷± ¬° {ñ¼ Þ»»þ ¬° 003 ¬°¾~ …²¬ü†¬ Æõë

ì¥·õ¹|{± …¶• Þú ‹ú Îñõ…ó ìÏý†°ÿ …² ¶×}þ æ¶}ýà �±º~û â³…°½

º~û …¶• ]42€91[. …üò ð}†ü� ðý³ ¬° {õ…ÖÜ  ‹† ð}†ü� ‹ú ¬¶• „ì~û …² {×†ô–

‹ý»ýñú ô Þíýñú â»}†ô° )ºßê 1( …¶•. ‹ú ìñËõ° {õ›ýú ¬ÚýÜ|{±¬° …°{Œ†É

‹† …÷± Îõ…ìê â×}ú º~û€ æ²ï …¶• Þú ̈õ…Á ðíõðú|ø†ÿ ¶†²â†°Þññ~û ¬°

Òý†Ž ð†ðõ°¹ ðý³ ìõ°¬  …°²ü†‹þ Ú±…° âý±¬ Þú …üò ‹©¼ …² Þ†° ‹ú ¬Ú•

ìÇ†èÏú º~û ô ð}†ü� „ó ¬° ìÛ†èú ¬üã±ÿ â³…°½ ̈õ…ø~ º~. 

ð}ýœú|âý±ÿ

ð}†ü� ‹ú ¬¶• „ì~û ¬° …üò �µôø¼ ð»†ó ìþ|¬ø~€ …÷±ø± ¬ô¶†²â†°Þññ~û

HAM--MDPE |ô 05RNE| ¬° ‹ùŒõ¬ ‹±øî|Þñ¼ ‹ýò ²ìýñú RBS| ô

ð†ðõ°¹ …¾ç§|º~û ô ¬° ð}ýœú …Ö³…ü¼ ¤†è• �±…Þñ¼ ð†ðõæüú|ø†ÿ

ð†ðõ°¹ ¬° ²ìýñú RBS| ‹ý»}± …² ¶†²â†°Þññ~û RBN| …¶•. …üò ð}†ü�  °…

ìþ|{õ…ó ‹ú {í†üê {±ìõ¬üñ†ìýßþ ²ðœý±ø†ÿ RBS| ¶†²â†°º~û ‹ú ¬…̈ê

Öõ…¾ê ‹ýò æüú|…ÿ ð†ðõ°¹ …¾ç§ º~û ð†ºþ …² ÖÏ†èý• Îõ…ìê …ðý~°ü~

ô …�õÞ·þ ‹ú {±{ý� ¬° ¬ô ¶†²â†°Þññ~û HAM--MBPE€ 05RNEô

øî|Ÿñýò ÚÇŒý• Þí}± …üò ¬ô ð·Œ• ‹ú æ¶}ýà RBN| ‹ú Îñõ…ó

¶†²â†°Þññ~û ì±‹õÉ ¬…ð·•. ‹ùŒõ¬ ̈õ…Á ¬°º•|ìß†ðýßþ ô

°õ̂èõ´üßþ øí±…û ‹† Þ†ø¼ ¬° …{çÙ ¬üñ†ìýßþ ¬° ðíõðú|ø†ÿ

ð†ðõÞ†ì�õ²ü• ‹±�†üú RBS|- ð†ðõ°¹ …¾ç§ º~û ô ¶†²â†°º~û ‹† …üò ¬ô

¶†²â†°Þññ~û ðý³ ìþ|{õ…ð~ {†‡üý~ÿ ‹± …üò …¬Î† ‹†º~.

g

g

ºßê 01 -…¶}¥ß†ï Þ»»þ ô …²¬ü†¬ Æõë {† �†°âþ ‹±…ÿ „ìý©}ú RBS

Ö†Ú~ ø± ðõÑ �±Þññ~û ô ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• CO/RBS¶†²â†° º~û

ô ¶†²â†° ð»~û.

ºßê 11 -ìÛ†ü·ú {ñ¼ ¬° 001% ô 003% …²¬ü†¬ Æõë ‹±…ÿ „ìý©}ú RBS|

Ö†Ú~  ø± ðõÑ �±Þññ~û ô ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• CO/RBS¶†²â†° º~û

ô ¶†²â†° ð»~û.

1. Sengupta R., Chakraborty S., and Bandyopadhyay S., A Short

Review on Rubber/Clay Nanocomposites with Emphasis on

Mechanical Properties, Polym. Eng. Sci. 47, 1956- 2007.

2. Paul D.R. and Robenson L.M., Polymer Nanotechnology:

Nanocomposites, Polymer, 49, 3187-3204, 2008.

3. Sadhu S. and Bhowmick A.K., Preparation and Properties of

Styrene-Butadiene Rubber based on Nanocomposites: The Influ-

ence of the Structural and Processing Parameters, J. Appl.

Polym. Sci., 92, 698-709, 2004

4. Bala P., Samantaray B.K., Srivastava S.K, and Nando G.B.,

Organo Modified MMT as Filler in NR and Synthetic rubber, J.

Appl. Polym. Sci., 92, 3583-3592, 2004.

5. Sadhu S. and Bhowmick A.K., Preparation and Properties of

Nanocomposites based on Acrylonitrile-Butadiene, SBR and

PBR, J. Polym. Sci., Part B: Polym. Phys., 42, 1573-1585, 2004.

6. Joly S., Garnaud R., Ollitrault R., Bokobza L., and Mark J.E.,

Organically Modified Layered Silicates as Reinforcing Fillers

for Natural Rubber, Chem. Mater., 14, 4202- 4208, 2002.

ì±…›Ð



‹±°¶þ …÷± ðõÑ ¶†²â†°Þññ~û ‹± ̈õ…Á ð†ðõÞ†ì�õ²ü•|ø†ÿ �†üú …æ¶}õì±  RRBBSS|- ð†ðõ°¹ …¾ç§ º~û ìý}±… {õÞéþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 1€ Ö±ô°¬üò ƒƒ …°¬üŒù»• 9831 74

7. Gu Z., Song G., and Liu W., Preparation and Properties of

SBR/organo-bentonite Nanocomposites Prepared from Latex

Dispersions, Appl. Clay Sci., 46, 241-244, 2009.

8. Giannelis E.P., Krishnamoorti R., and Manias E., Polymer- sili-

cate Nanocomposites: Model System for Confined Polymers and

Polymer Brushes, Adv. Polym. Sci., 138, 107-147, 1999.

9. Pramanik M., Srirastara S., Samantary B.K., and Bhowmic A.K.,

Rubber Clay Nanocomposite by Solution Blending, J. Appl.

Polym. Sci., 87, 2216-2220, 2003.

10. Ramorino G., Bignotti F., Conzatti L., and Ricco T., Dynamic

and Viscoelastic Behavior of Natural Rubber/Layered Silicate

Nanocomposites Obtained by Melt Blending, Polym. Eng. Sci.,

47, 1650-1657, 2007.

11. Ma Y., Wu Y.P., Zhang L.Q., and Li Q.F., The Role of Rubber

Characteristics in Preparing Rubber/Clay Nanocomposites by

Melt Compounding, J. Appl. Polym. Sci., 109, 1925-1934, 2008.

12. Madhusoodanan K.N. and Varghese S., Technological and Pro-

cessing Properties of NR Layered Silica-NCs by Melt Intercala-

tion Process, J. Appl. Polym. Sci., 102, 2537-2543, 2006.

13. Bousmina M., Study of Intercalation and Exfoliation Processes

in Polymer Nanocomposites, Macromolecules, 39, 4259-4263,

2006.

14. Ma Y., Wu Y.P., Zhang L.Q., and Li Q.F., The Role of Rubber

Characteristics in Preparing Rubber Clay Nanocomposites by

Melt Compounding, J. Appl. Polym. Sci., 109, 1925-1934, 2008.

15. Arroyo M., Lopez_Manchado M.A., and Herrero B., Vulcaniza-

tion Kinetics of Natural Rubber Nanocomposites, J. Appl.

Polym. Sci., 89, 1-15, 2003.

16. Zhang L. Wang Y., and Sui Y., Morphology and Mechanical

Properties of Clay/Styrene-Butadiene Rubber Nanocomposites,

J. Appl. Polym. Sci., 78, 1873-1878, 2000.

17. Sadhu S. and Bhowmick A.K., Effect of Chain Length of Amine

and Nature and Loading of Clay on Styrene-Butadiene Rubber-

Clay Nanocomposites, Rubber Chem. Technol., 76, 860-875,

2003.

18. Sadhu S. and Bhowmick A.K., Preparation and Characterization

of Styrene-Butadiene Rubber based on Nanocomposites and

Study of their Mechanical Properties, Adv. Eng. Mater., 6, 738-

742, 2004.

19. Mousa A. and Karger-Kocsis J., Rheological and Thermody-

namical Behavior of Styrene-Butadiene Rubber-Organoclay

Nanocomposites, Macromol. Mater. Eng., 286, 260-266, 2001.

20. Song S. and Wong Y., Preparation and Characterization of SBR

and BR/Clay Nanocomposites, Polym. Int., 54, 560-568, 2005.

21. Mohammadpour Y. and Katbab A.A., Effects of the EPDM

Microstructural Parameters and Interfacial Compatibilizer upon

the EPDM/Montmorillonite Nanocomposites Microstructure:

Rheology/Permeability Correlation, J. Appl. Polym. Sci., 106,

4209-4218, 2007.

22. Teh P.L., Mohd Ishak Z.A., Hashim A.S., and Karger-Kocsis J.,

Effects of NR as a Compatibilizer in Melt Compounded NR/OC

NCs, Eur. Polym. J., 40, 2513-2521, 2004.

23. Arroyo M., Lopez_Manchado M.A., and Herrero B., Organo-

MMT as Substitute of Carbon Black in NR Compounds, Poly-

mer, 44, 2447-2453, 2003.

24. Mousa A., Ishiaku U.S., and Mohd-Ishak Z.A., On the Potential

of Organoclay with Respect to Conventional Fillers (Carbon

Black and Silica) for Epoxidized Natural Rubber Compatibilized

Natural Rubber Vulcanizates, J. Appl. Polym. Sci., 94, 2438-

2445, 2004.

25. Das A., Costa F.R., Wagenkencht U., and Heinrich G.,

Nanocomposites based on Chloroprene Rubber: Effect of Chem-

ical Nature and Organic Modification of Nanoclay on the Vul-

canizate Properties, Eur. Polym. J., 44, 3456-3465, 2008.

26. Pal K., Rajasekar R., Kang D.J., Zhang Z.X., and Pal S.K.,

Effect of Fillers on NR/High Styrene Rubber Blends with Nano

Silica: Morphology and Wear, Mater. Design, 31, 677-686,

2010.

27. Varghese S., Karger-Kocsis J., and Gatos K.G., Melt Com-

pounded Epoxidized NR/Layered Silicate Nanocomposites

Structure-Properties Relationships, Polymer, 44, 3977-3983,

2003.




