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In the present work, high temperature tensile properties of medium density polyethylene (MDPE)
and its nanocomposites are investigated. For this purpose MDPE reinforced with different weight
percentages of nano-sized calcium (2, 5, 10) are produced by compression moulding method. Tensile
tests have been carried out at different temperatures, i.e. 30, 60, 90�C using thermomechanical analy-
sis (TMA) apparatus. Besides, the fracture surface of MDPE and MDPE/CaCO3 nanocomposites are
also investigated using scanning electron microscopy (SEM). The TMA results indicate that the elas-
tic modulus and yield stress have increased by addition of nanosized calcium carbonate as rein-
forcement for MDPE. At elevated temperature, the tensile strength is shown to be reduced in all
materials including MDPE and its nanocomposites. The obtained results confirm that the reinforcing
effect of nano-sized calcium carbonate becomes significant particularly at higher temperatures. 
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‹ý†ó|â± …÷± ð†ðõ®°…– ¬° ì¥~ô¬ Þ±¬ó ¤±Þ• ²ðœý±ø† ô …Ö³…ü¼ ¾éŒý•

„ðù†¶•. ‹ú Îçôû ‹† ì¥†¶Œú ¶Ç¦ ²ü± ìñ¥ñþ ®ôŽ ‹±…ÿ ðíõðú ̈†èÀ

ô ð†ðõÞ†ì�õ²ü}þ ]21[€ ì»†ø~û º~ Þú ¬°¾~ ‹éõ°üñãþ ¬° ¤Ãõ°

ð†ðõ®°…– …Ö³…ü¼ ìþ|ü†‹~. …Ö³…ü¼ ìñ†ÆÜ ìñËî ¬° ²ìýñú �éýí±ÿ ðý³ …²

›íéú Îõ…ìê …÷± â̄…° ‹± …Ö³…ü¼ ì~ôë Þ»·†ó …¶• Þú ‹†ü~ ‹ú ¬æüê

…Ö³…ü¼ ì~ôë ¬° ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ …Ö³ô¬ ]21[.

‹† {õ›ú ‹ú …üò Þú ®°…– ¬…°…ÿ …‹Ï†¬ ð†ðõ ø·}~€ ¾±Ù ðË± …² ìñ†ÆÜ

Þéṏú º~û€ ¬° üà ¬°¾~ ô²ðþ ô ¤œíþ ìÏýò {Ï~…¬ ‹·ý†° ²ü†¬ÿ ®°û

¬° ²ìýñú �éýí±ÿ �©¼ º~û ô Ö†¾éú ®°…– ¬° ìÛ†ü·ú ‹† ®°…– ¬° …‹Ï†¬

ìýß±ôó ‹·ý†° Þî …¶• ]31[.

ºßê 4€ Æ±§ Þéþ ¶†̈}†°ð†ðõ®°…– ô ²ìýñú �éýí± ðýíú ‹éõ°ÿ „ó °…

ð»†ó ìþ|¬ø~. ‹† {õ›ú ‹ú Ö†¾éú Þî ð†ðõ®°…– …² üà|¬üã±€ ºŒßú|…ÿ

‹·ý†° Ÿã†ë ô ¶×}þ ‹† {»ßýê ìñ†ÆÛþ ì†ðñ~ …{¿†ë �±Þññ~û -�éýí±€

�ê|ø†ÿ �éýí±ÿ …{¿†ë|¬øñ~û ®°…– ô ì±² …üœ†¬ º~û ‹ýò ð†ðõ®°…– ô

²ìýñú �éýí±ÿ ¤†¾ê ìþ|ºõ¬. ¬° ð}ýœú  {»ßýê …üò ºŒßú Ÿã†ë€ Þ†ø¼

{¥±á ²ðœý±ø†ÿ �éýí±ÿ ô …Ö³…ü¼ �†ü~…°ÿ …‹Ï†¬ÿ ô …¶}¥ß†ï ¬°

ðíõðú ð†ðõÞ†ì�õ²ü}þ ¬° ìÛ†ü·ú ‹† ðíõðú �éþ|…{ýéò ̈†èÀ ì»†ø~û

ìþ|ºõ¬ ]31€7[. …üò °ôð~ …Ö³…ü»þ ¬° ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ ‹† ¬°¾~

ô²ðþ ‹ý»}± …² ð†ðõ®°…– Þ±‹ñ†– Þé·ýî ²ü†¬{± ìþ|ºõ¬.

¬° ºßê 5€ …÷± ì}Óý± ¬ì† ‹± ìñ¥ñþ {ñ¼ -Þ±ð¼ EPDM| ð»†ó ¬…¬û

º~û …¶•. ‹† {õ›ú ‹ú ºßê€ ‹† …Ö³…ü¼ ¬ì†€ ‹ú Îé• …Ö³…ü¼ ¤±Þ•

…{î|ø† ô Þ†ø¼ ðý±ôø†ÿ ‹ýò ìõèßõèþ ‹ýò ²ðœý±ø†€ Þ†ø¼  …¶}¥ß†ï ô

…Ö³…ü¼ …ðÏÇ†Ù|�̄ü±ÿ ¬° ì†¬û ¤†¾ê ìþ|ºõ¬. ‹† {õ›ú ‹ú ºßê€ ì~ôë

ô …¶}¥ß†ï {·éýî ¬° …÷± …Ö³…ü¼ ¬ì† ðý³ Þ†ø¼ ìþ|ü†‹~.  |

¬° ºßê|ø†ÿ6 ô 7€ ìñ¥ñþ|ø†ÿ {ñ¼ -Þ±ð¼ ðíõðú|ø†ÿ

ð†ðõÞ†ì�õ²ü}þ ô ðíõðú ̈†èÀ EPDM| ¬° ¬ì†ø†ÿ06 ô  Co|09  ìÛ†ü·ú

º~û …¶•. ‹† {õ›ú ‹ú …üò ºßê|ø† ô ìÛ†ü·ú „ðù† ‹† üà|¬üã± ì»†ø~û

ìþ|ºõ¬ Þú ‹† …Ö³…ü¼ ð†ðõ®°…– Þ±‹ñ†– Þé·ýî ‹ú ²ìýñú �éýí±ÿ€ ìÛ†ôì•

²ìýñú ¬° ‹±…‹± …Ö• ̈õ…Á€ …Ö³…ü¼ ìþ|ü†‹~.  Îçôû ‹± …üò€ {Óýý±…– {ñ¼

-Þ±ð¼ �éþ|…{ýéò ̈†èÀ ô ð†ðõÞ†ì�õ²ü•|ø†ÿ „ó ¬° ¬ì†ÿ ì¥ýÈ ì»†‹ú

ºßê 3 -{Óýý±…– ì~ôë Þ»·†ó ‹ú °ô½  )%2-1( drohC| ‹±…ÿ

EPDM| ô ð†ðõÞ†ì�õ²ü•|ø†ÿ „ó  ¬° ¬ì†ÿ ì¥üÈ.

ºßê 4 -Æ±§ Þéþ ¶†̈}†° ð†ðõ®°…– ô ²ìýñú �éýí± ðýíú ‹éõ°ÿ „ó ¬°

Þ†ì�õ²ü• ]7[.

ºßê 5 -…÷± ì}Óý± ¬ì† ‹± ìñ¥ñþ {ñ¼ -Þ±ð¼ DPEM.
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ô ‹·ý†° ‹ú üà|¬üã± ð³¬üà …¶•€  ôèþ ‹† …Ö³…ü¼ ¬ì† ‹ú Îé• ð†�†ü~…°ÿ

²ìýñú �éýí±ÿ ô ¤·†¶ý• º~ü~ ‹ú ¬ì†€ …üò {×†ô– Ú†‹ê ìç¤Ëú

ìþ|ºõ¬.  Îé• …üò …ì± °… ìþ|{õ…ó ‹ú ô›õ¬ ð†ðõ®°…– Þ±‹ñ†– Þé·ýî ¬°

{»ßýê üà ºŒßú ¶ú ‹Ï~ÿ Ÿã†ë …² ð†ðõ®°…– Þ±‹ñ†– Þé·ýî ô

²ðœý±ø†ÿ �éýí±ÿ ì±{ŒÈ ¬…ð·• Þú {¥±á ²ðœý±ø† °… Þ†ø¼ ¬…¬û ô

¬°ð}ýœú ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ ¬° ‹±…‹± {Óýý± ¬ì† ô …Ö• ̈õ…Á

ìÛ†ôì• ‹ý»}±ÿ °… ¬° ìÛ†ü·ú ‹† ðíõðú �éþ|…{ýéò ̈†èÀ ð»†ó ìþ|¬øñ~.  |

…² Æ±Öþ€ ‹† …Ö³…ü¼ ¬°¾~ ô²ðþ ð†ðõ®°…– Þ±‹ñ†– Þé·ýî ‹ú ²ìýñú …²

2 ‹ú 01 ¬°¾~ ô²ðþ€ Ö†¾éú ì}õ¶È ®°…– Þ†ø¼ ü†Ö}ú ô ¬° ðù†ü• ºŒßú

Ÿã†ë|{±ÿ …² ð†ðõ®°…– ô ²ðœý±ø†ÿ �éýí±ÿ {»ßýê ìþ|ºõ¬. ¬° ð}ýœú

ìÛ†ôì• ì†¬û ‹† …Ö³…ü¼ ¬°¾~ ô²ðþ ð†ðõ®°…– Þ±‹ñ†– Þé·ýî ‹† {Óýý± ¬ì†

‹ý»}± ìþ|ºõ¬. ‹† ìÛ†ü·ú ºßê|ø†ÿ 2€ 6 ô 7 …üò …÷± Þ†ìç_ ì»©À

ìþ|ºõ¬.

{Óýý±…– {ñ¼ {·éýî )4%( ô ì~ôë Þ»·†ó )5%(  ‹† …Ö³…ü¼ ¬ì† ¬°

ºßê|ø†ÿ 8 ô9 ‹ú {±{ý�€ ‹±…ÿ ðíõðú|ø†ÿ EPDMô ð†ðõÞ†ì�õ²ü•|ø†ÿ

„ó „ô°¬û º~û …¶•. ‹† {õ›ú ‹ú …üò ºßê|ø†€ ‹† …Ö³…ü¼ ¬ì† ô …Ö³…ü¼

¤±Þ• ìõèßõë|ø† ô ²ðœý±ø†€ ðý±ôÿ ‹ýò ìõèßõèþ {ÃÏýØ º~û ô

ìÛ~…° {ñ¼ {·éýî ô ì~ôë Þ»·†ó ì†¬û °ôð~ ð³ôèþ ð»†ó ìþ|¬ø~. …ì† ‹†

{õ›ú ‹ú ð}†ü� CSD]21[€ …Ö³…ü¼ ¬ì†ÿ ºý»ú|…ÿ ô ¬°¾~ ‹éõ°üñãþ€

‹ý†ó|â± …÷± ì˜Œ• ð†ðõ®°…– ‹± ²ìýñú �éýí±ÿ ô ì¥~ô¬ Þ±¬ó ¤±Þ•

²ðœý±ø†¶•. ¬° ð}ýœú€ ¬° ¤Ãõ° ð†ðõ®°…– Þ±‹ñ†– Þé·ýî€ „²…¬ÿ

¤±Þ• ²ðœý±ø†ÿ �éýí±ÿ Þ†ø¼ ü†Ö}ú ô ðíõðú …Ö• ̈õ…Á …¶}¥ß†ìþ

ºßê 7 -{Óýý±…– {ñ¼ ‹± ¤·� Þ±ð¼ ¬° ¬ì†ÿ Co09 ‹±…ÿ ðíõðú|ø†ÿ

EPDM| ô ð†ðõÞ†ì�õ²ü•|ø†ÿ „ó.

ºßê 8 -{Óýý±…– {ñ¼ {·éýî ‹† …Ö³…ü¼ ð†ðõ ®°…– Þ±‹ñ†– Þé·ýî ‹±

¤·� ¬ì† ‹±…ÿ ðíõðú|ø†ÿ C01-EPDM€ C5-EPDM€ C2-EPDMô

EPDM.

ºßê 6 -{Óýý±…– {ñ¼ ‹± ¤·� Þ±ð¼ ¬° ¬ì†ÿ Co06 ‹±…ÿ ðíõðú|ø†ÿ

EPDM| ô ð†ðõÞ†ì�õ²ü•|ø†ÿ „ó.

ºßê 9 -{Óýý±…– ì~ôë Þ»·†ó ‹† …Ö³…ü¼ ð†ðõ®°…– Þ±‹ñ†– Þé·ýî ‹±

¤·� ¬ì† ‹±…ÿ ðíõðú|ø†ÿ C01-EPDM€ C5-EPDM€ C2-EPDMô

EPDM.
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|ºßê 01 -¶Ç¦ ºß·• ðíõðú EPDM¨†èÀ.

ºßê 11 -¶Ç¦ ºß·• ðíõðú C5-EPDM.|

ºßê 21 -¶Ç¦ ºß·• ðíõðú C01- EPDM| ¬° ‹³°å|ðí†üþ|ø†ÿ ì©}éØ.

)…èØ()Ž(

)ž()¬(
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 2€ ̈ƒƒ±¬…¬ - {ƒƒƒýƒƒƒ± 7831 

Þí}±ÿ °… ð»†ó ìþ|¬ø~. ¬° ð}ýœú ‹† …Ö³…ü¼ ð†ðõ®°…– Þ±‹ñ†– Þé·ýî

…¶}¥ß†ï {·éýî ô ì~ôë Þ»·†ó ¬° {í†ï ¬ì†ø† ‹ý»}± ìþ|ºõ¬.

‹ú ìñËõ° …°²ü†‹þ ¶†² ô Þ†° {Óýý± ºßê ô ¬° ðù†ü• ºß·• EPDM|

ô ð†ðõÞ†ì�õ²ü•|ø†ÿ „ó …² ìýß±ô¶ßõ’ …èß}±ôó �õü»þ …¶}×†¬û º~.

ºßê|ø†ÿ 01 {† 21 ¶Çõ§ ºß·• ðíõðú|ø†ÿ C01-EPDM€ C5-EPDM

ô EPDM| °… ‹ú {±{ý� ð»†ó ìþ|¬ø~. ¬° ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ {õ²üÐ

ð†ðõ®°…– …² è¥†Í ìÛ~…° ô …ð~…²û ¬° ²ìýñú {Û±üŒ†_ ‹ú Æõ° üßñõ…̈• …¶•.

ø± Ÿñ~ ‹† {õ›ú ‹ú …ð±ÿ́ ¶Ç¥þ ²ü†¬ ®°…– ¬° …‹Ï†¬ ð†ðõ€ ìñ†ÆÜ Þéṏú

º~û  ð†ðõ®°…– ¬° ²ìýñú ì»†ø~û ìþ|ºõ¬. ‹† {õ›ú ‹ú {×†ô– �†°…ì}±ø†ÿ

Þ»·†ó ²ìýñú ô ð†ðõ®°…–€ {»ßýê ¤×±û )elpmid( ¬° {¿†ôü± Ú†‹ê

ì»†ø~û …¶•.

‹† {õ›ú ‹ú …ºß†ë ìýß±ô¶ßõ�þ ô…Â¦ …¶•€ ¬° …Æ±…Ù ®°…– ÷†ðõüú€

²ìýñú ‹ý»}± Þ»ý~û º~û ô ‹ú ¬èýê  Î~ï Ÿ·Œñ~âþ Þ†Öþ ô Ö¿ê ì»}±á

ÂÏýØ€ ¤×±û|ø†ÿ ÞõŸà {»ßýê ô ¬° …÷± …¶}í±…° {ñ¼€ …üò ¤×±û|ø†

‹³°å|{± ô ‹ú üà ¬üã± �ýõ¶}ú º~û ô ‹†Î™ …üœ†¬ ¤×±û|ø†ÿ ‹³°å|{±

ìþ|ºõð~€ ¬° ð}ýœú ÚÇÏú ìþ|ºßñ~. ‹† {õ›ú ‹ú ì~ë …°…̂ú º~û {õ¶È

hcirdeirF]41[€Þú ¬° ºßê 31 ‹ú Æõ° Æ±§|ô…°û„ô°¬û º~û …¶•€ {»ßýê

{±á ¬° …Æ±…Ù ®°…– �±Þññ~û °… ìþ|{õ…ó ‹ú ¶ú ì±¤éú ›~…ü¼|€Þ»ý~âþ

¤×±û|ø† ô ‹ú øî �ýõ¶ƒƒƒƒƒ}ò ¤×±û|ø† {×ßýà Þ±¬.  |

|¬° ì±¤éú …ôë ‹ú ¶Œ� Î~ï Ÿ·Œñ~âþ ìñ†¶� ‹ýƒƒò ®°…– �±Þññ~û

²ìƒƒƒýñú ›~…ü¼ …üœ†¬ ìþ|ºõ¬. ‹† …Ö³…ü¼ {Óýý± ºßê �ç¶}ýà ì±¤éú

¬ôï „Ò†² ô ¤×±û|ø†ÿ …üœ†¬ º~û ¬° ›ù• …Îí†ë {ñ¼ Þ»ý~û ìþ|ºõð~

ô …üò …ì± ‹†Î™ …üœ†¬ ¤×±û ìþ|ºõ¬.  ¬° …üò ì±¤éú ¤×±û|ø† ‹ú �†ü~…°ÿ

…‹Ï†¬ÿ °¶ý~û ô º±…üÈ ‹±…ÿ âéõüþ º~ó ²ìýñú ‹ýò „ðù† ìùý†¶•.  ¬°

ì±¤éú ¶õï€ ‹ú ¬èýê …üœ†¬ {ñ¼|ø†ÿ ‹±ºþ Þú ‹† ›ù• {ñ¼ …Îí†èþ

²…ôüú 54 ¬°›ú ìþ|¶†²ð~€ {Óýý± ºßê ‹±ºþ ¬° ²ìýñú °« ìþ|¬ø~. …üò

{Óýý± ºßê ¶Œ� �ýõ¶ƒƒƒ}ò ¤×±û|ø† ‹ú üà|¬üã±  ìþ|ºõ¬.  ‹ú øî �ýõ¶}ò

¤×±û|ø† ìñ»†‡ …üœ†¬ {±á ¬° ²ìýñú ô ¬° ðù†ü• ºß·• ðíõðú …¶• ]41[.

ð}ýœú âý±ÿ

‹ú ìñËõ° ‹±°¶þ °Ö}†° Þ»»þ �éþ|…{ýéò ‹† Ÿã†èþ ì}õ¶È ô {Ûõü• º~û

‹† ð†ðõ®°…– Þ±‹ñ†– Þé·ýî ¬° ¬ì†ÿ ‹†æ€ ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ ‹†

{±ÞýŒ†– 0€2€ 5 ô 01 ¬°¾~ ô²ðþ Þ±‹ñ†– Þé·ýî ‹ú °ô½ Ú†è�|âý±ÿ

Ö»†°ÿ {ùýú º~. ðíõðú|ø†ÿ ð†²á {ùýú º~û ‹† …¶}×†¬û …² ¬¶}ã†û AMT|

²ü± ‹†°â̄…°ÿ Þ»»þ ¬° ¬ì†ø†ÿ 03€ 06 ô Co09  Ú±…° â±Ö}ñ~. ð}†ü�

°Ö}†° Þ»»þ ð†ðõÞ†ì�õ²ü• ìõ°¬ ‹¥™ ‹ý†ðã± …üò …¶• Þú ‹† …Ö³…ü¼

¬ì†ÿ …Îí†èþ ¬° Þéýú ðíõðú|ø†€ ‹ú Îé• …Ö³…ü¼ {¥±á ²ðœý±ø† ô Þ†ø¼

ðý±ôø†ÿ ‹ýò ìõèßõèþ€ …¶}¥ß†ï ðíõðú|ø† {¥• {†÷ý± Ú±…° â±Ö}ú ô ¬°

ð}ýœú ì~ôë Þ»·†ó ô {ñ¼ {·éýî Þ†ø¼ ìþ|ü†‹~. …â± Ÿú ¬° ðíõðú|ø†ÿ

ð†ðõÞ†ì�õ²ü}þ ‹† …Ö³…ü¼ ¬ì†€ …¶}¥ß†ï ðíõðú|ø† Þ†ø¼ ìþ|ü†‹~€ …ì† …üò

°ôð~ Þ†ø»þ ‹ú ¬èýê …÷± ð†ðõ®°…– ô {»ßýê ºŒßú Ÿã†ë …² ð†ðõ®°…– ô

²ðœý±ø†ÿ �éýí±ÿ ¬° ìÛ†ü·ú ‹† ðíõðú �éþ|…{ýéò ̈†èÀ {Óýý±…– Þí}±ÿ

°… ð»†ó ìþ|¬ø~. ‹ú ‹ý†ó ¶†¬û|{± …Â†Öú Þ±¬ó ð†ðõ®°…– Þ±‹ñ†– Þé·ýî

‹†Î™ …Ö³…ü¼ ìÛ†ôì• Þ»»þ �éþ|…{ýéò ‹† Ÿã†èþ ì}õ¶È ìþ|ºõ¬. ðß}ú

Ú†‹ê {†ìê ¬° �µôø¼ ¤†Â±€ …Ö³…ü¼ …÷± ì˜Œ• ð†ðõ®°…– Þ±‹ñ†– Þé·ýî

¬° …¶}¥ß†ï ‹©»þ �éþ|…{ýéò ¬° ¬ì†ø†ÿ ‹†æ{± …² ¬ì†ÿ ì¥ýÈ …¶• Þú

…üò ìõÂõÑ ‹†Ž ›~ü~ÿ ¬° …Ö³…ü¼ ¬ì†ÿ Þ†°‹±ÿ �éþ|…{ýéò ‹† Ÿã†èþ

ì}õ¶È …¶•.

Ú~°¬…ðþ

…² „²ì†ü»ã†û {¥ÛýÛ†{þ â±ôû ìùñ~¶þ ºýíþ ¬…ð»ã†û Ö±¬ô¶þ ì»ù~ ‹ú

¬èýê ¬° …̈}ý†° Ú±…° ¬…¬ó …ìß†ð†– „²ì†ü»ã†û ‹±…ÿ …ðœ†ï …üò Æ±§ {»ß±

ô Ú~°¬…ðþ ìþ|ºõ¬.

ºßê 31 -ì±…¤ê {»ßýê {±á ¬° …Æ±…Ù ®°…– ¾é� �±…Þñ~û ¬°

ì†{±ü̧ â±ì†ð±ï: )…èØ( ›~…ü¼ ô …üœ†¬ ¤×±û€ )Ž( Þ»ý~û º~ó

¤×±û|ø† ô )ž( ‹ú øî �ýõ¶}ò ¤×±û|ø† ]|41[.
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