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In this work, a thermoplastic polyurethane elastomer (TPUE) model based on polytetramethylene glycol,
toluene diisocyanate and 1,4-butanediol was selected and synthesized. According to this model two types of
polyurethane nanocomposites were prepared by in situ polymerization and melt intercalation procedures. The
organo-modified nanoclay was used in nanocomposites samples in 0.4 weight percent level. The prepared
nanocomposites were studied by WAXD, tensile and thermal analysis. Thermal properties of the nanocompos-
ites were higher than those of pure polyurethane elastomers.  Nanocomposites prepared via melt intercalation
method showed a lower tensile strength and hardness than those prepared through in situ polymerization
method.
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B03|ð»†ó ¬…¬û º~û …¶•. Úéú {ý³ ¬° θ|2 ‹±…‹± 8/4 ¬°›ú ì±‹õÉ ‹ú

¾×¥†– ìñËî ̈†á °¹ ‹éõ°ÿ ‹† Ö†¾éú æüú|…ÿ 100d‹±…‹± mn68/1

λ
α

ºßê 1 -Ö±ìõë Þéþ ¶†̈}†° ºýíý†üþ ̈†á °¹ …¾ç§ º~û {œ†°ÿ

Þéõü³ü• B03)Þú ¬° „ó T| ð»†ó|â± üà ²ðœý± øý~°ôÞ±‹ñþ º†ìê 56

¬°¾~ 81C€ 03 ¬°¾~ 61Cô 5 ¬°¾~ 41C…¶•(.

ºßê 2 -ðíõ¬…°  DXAW| ̈†á °¹ …¾ç§ º~û {œ†°{þ Þéõü³ü•

B03.
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…¶•. …üò ¬…¬û€ ‹† ‹±âú ì»©¿†– Öñþ …°…̂ú º~û …² ¶õÿ º±Þ•

¶†²ð~û€ {Ç†‹Ü ̈õ‹þ °… ð»†ó ìþ|¬ø~. ¬° ºßê 3 ðý³ ðíõ¬…° DXAW|

�éþ|üõ°{†ó ̈†èÀ ð»†ó ¬…¬û º~û …¶•. ¬° …üò ðíõ¬…° Úéú|…ÿ �ùò ¬°

ð³¬üßþ θ|2 ‹±…‹± 02 ¬°›ú ì»†ø~û ìþ|ºõ¬ Þú ‹ú ‹±øî|Þñ¼|ø†ÿ ì}Û†‹ê

‹±¬ Þõ{†û ‹ýò ²ðœý±ø† ¬° ‹©¼ ¶©• �éþ|üõ°{†ó ì±‹õÉ ìþ|ºõ¬. Î~ï

ô›õ¬ Úéê {ý³ ¬° …üò ðíõ¬…° ð»†ó|â± Î~ï ô›õ¬ ðõ…¤þ ‹éõ°ÿ ô ðŒõ¬

ðËî ¬° ¬…ìñú Æõæðþ …¶•. ¬° ø± ¬ô ºßê ÆýØ ì±‹õÉ ¬° Ö†¾éú

²…ôüú|…ÿ ‹ýò ¾×± {† 08  â±Ö}ú º~û …¶• ]91€81[.

ðíõ¬…°ø†ÿ DXAWì±‹õÉ ‹ú ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• �éþ|üõ°{†ðþ

¬° ºßê|ø†ÿ 4 ô 5 ì»†ø~û ìþ ºõ¬. ¬° ð†ðõÞ†ì�õ²ü• {ùýú º~û ‹ú

°ô½ �éýí±º~ó ¬° ›† )ºßê 4(€ {ñù† Úéú|…ÿ ÞõŸà ¬° θ|2| ‹±…‹± 7/1

¬°›ú ‹† Ö†¾éú æüú|…ÿ …² mn2/5 ¬ü~û ìþ|ºõ¬. …üò …ì± ð»†ó|â± „ó …¶•

Þú {ñù† ‹©¼ Þíþ …² ̈†á °¹ Ö†¾éú ̈õ¬ °… ¤×Ì Þ±¬û ô ‹Ûýú  „ó

�±…Þñ~û º~û|…ð~ Þú …üò Ö†¾éú æüú|…ÿ …² ‹ýò °Ö}ú …¶•. ¬° ðíõ¬…° ì±‹õÉ

‹ú ð†ðõÞ†ì�õ²ü• {ùýú º~û ‹ú °ô½ …̈}çÉ ì̄…Ž )ºßê 5( øý¢ Úéú

Ú†‹ê {õ›ùþ ì±‹õÉ ‹ú ¶†̈}†° ‹ýò æüú|…ÿ ̈†á °¹ ì»†ø~û ðíþ|ºõ¬€

Þú …üò …ì± ¤†Þþ …² �±…Þñ¼ ̈õŽ ô ô°Úú|…ÿ º~ó ̈†á °¹ ¤ýò

…̈}çÉ ì̄…Ž …¶•.  |

gneMô øíß†°…ó ]02[ ¬° Þ†°ÿ ì»†‹ú ¬ô ðíõðú ¾ñÏ}þ EUPT| ‹±

�†üú �éþ|…{± ‹† Þéõü³ü•  B03|°… ¬° ì©éõÉ|Þò ¬…̈éþ ì©éõÉ Þ±¬û  ô ‹ú

üà ¶†̈}†° ð†ðõÞ†ì�õ²ü• ô°Úú|…ÿ ¬¶• ü†Ö}ñ~. …üò �µôø»ã±…ó {ñ¼

‹±ºþ ²ü†¬ÿ °… Þú ¬° …÷± â±…ð±ôÿ ²ü†¬ ì̄…Ž …üœ†¬ ìþ|ºõ¬€ ¬èýê

ô°Úú|…ÿ º~ó ̈†á °¹ …¾ç§ º~û ‹† Þéõü³ü• B03¬° ²ìýñú

�éþ|üõ°{†ðþ Îñõ…ó Þ±¬ð~.  |

ð}†ü� ì±‹õÉ ‹ú „²ìõó Þ»¼ �éþ|üõ°{†ó ̈†èÀ ô ð†ðõÞ†ì�õ²ü•|ø†ÿ

{ùýú º~û ¬° ›~ôë 1 ̈ç¾ú º~û …¶•.

ð†ðõÞ†ì�õ²ü• �éþ|üõ°{†ðþ UPS| ìÛ†¬ü± ì~ôë ô …¶}¥ß†ï Þ»»þ

‹ý»}±ÿ ð·Œ• ‹ú ðíõðú �éþ|üõ°{†ðþ ̈†èÀ ð»†ó ìþ|¬ø~. ¬èýê …üò

°Ö}†° ìþ|{õ…ð~ ð†ºþ …² {Ûõü•|Þññ~âþ ̈†á °¹ ô°Úú|…ÿ  º~û ô …{¿†ë

Úõÿ )…² ðõÑ Öý³üßþ ü† ºýíý†üþ( ‹ýò æüú|ø†ÿ ̈†á|°¹ ô �éþ|üõ°{†ó

‹†º~. Î†ìê …¾ç§|Þññ~û „èþ ̈†á °¹ ¤†ôÿ øý~°ôÞ·ýê …¶•€ …üò

â±ôû Î†ìê ì·}Ï~ ô…Þñ¼ ‹† …ü³ô¶ý†ð†– ¤ýò �éýí±º~ó ô {»ßýê �ýõð~

üõ°{†ðþ …¶•.

…ì† ðíõðú ð†ðõÞ†ì�õ²ü• �éþ|üõ°{†ðþ {ùýú º~û ‹ú °ô½ ‹ýò æüú|…ÿ

º~ó ì̄…Ž )UPH( ‹ú Æõ° Þéþ °Ö}†° ÂÏýØ|{±ÿ ¤}þ ð·Œ• ‹ú

�éþ|üõ°{†ó ̈†èÀ ð»†ó ìþ|¬ø~. ¬° …üò ›† ‹±øî|Þñ¼ ®°…– ̈†á °¹

|ºßê 3 -ðíõ¬…°  DXAW| …æ¶}õì± â±ì†ð±ï �éþ|üõ°{†ðþ )UP(.

ºßê 4 -ðíõ¬…° DXAW| ð†ðõÞ†ì�õ²ü• �éþ|üõ°{†ðþ {ùýú º~û ‹ú °ô½

�éýí± º~ó ¬°›† )UPS(.   |

ºßê 5 -ðíõ¬…° DXAW| ð†ðõÞ†ì�õ²ü• �éþ|üõ°{†ðþ {ùýú º~û ‹ú °ô½

‹ýò æüú|…ÿ º~ó ì̄…Ž )SPH(.| 

›~ôë 1 -|ð}†ü� „²ìõó Þ»¼ �éþ|üõ°{†ó ̈†èÀ ô ð†ðõÞ†ì�õ²ü•|ø†ÿ

{ùýú º~û.

ì~ôë Þ»·†ðþ

)aPM(

…ð±ÿ́ ºß·•

)2m/J(

…²¬ü†¬ Æõë

ðù†üþ )%(

…¶}¥ß†ï

Þ»»þ )aPM(

ð†ï

ðíõðú

24/2

61/3

57/1

401 ×|23/5

|401  ×|79/4

401 ×|195/1

2471

7421

3111

4/8

7/11

8/2

UP

UPS

UPH
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…¾ç§ º~û ‹† ²ìýñú �éýí±ÿ€ ‹±̈çÙ UPS| ¾±Ö† Öý³üßþ …¶•. …²

Æ±Ù ¬üã±€ Ö±…üñ~ ‹ýò æüú|…ÿ º~ó ì̄…Ž Þú ¬° º±…üÈ ¬ì†ÿ ²ü†¬ ô

…Îí†ë {ñ¼ ìß†ðýßþ Ú†‹ê {õ›ú …ðœ†ï ìþ|ºõ¬€ ‹†Î™ {©±ü�

²ðœý±ø†ÿ �éþ|üõ°{†ó º~û …¶•€ ‹ñ†‹±…üò ̈õ…Á Þ»»þ …Ö• ìþ|Þñ~.

Ÿñýò �~ü~û|…ÿ …² ¶õÿ ¶†ü± �µôø»ã±…ó ðý³ â³…°½ º~û …¶• ]02€91[.

ð}†ü� ¤†¾ê …² „²ìõó ¶©}þ ‹±…ÿ ðíõðú|ø†ÿ UP|€ UPS| ô UPH| ‹ú

{±{ý� ìÛ†¬ü± 05€ 25 ô 5/83 ºõ° A …¶•. øí†ó|Æõ° Þú …² …üò ð}†ü�

ì»©À …¶• ô›õ¬ ®°…– ̈†á °¹ …¾ç§ º~û ‹†Î™ …Ö³…ü¼

¶©}þ ¬° ðíõðú UPS| ð·Œ• ‹ú ðíõðú UP| ̈†èÀ º~û …¶•. ø± Ÿñ~

‹±…ÿ ðíõðú UPH| ðý³ …ð}Ë†° …Ö³…ü¼ ¶©}þ ìþ|°ô¬€ …ì† ‹ú ¬èýê {©±ü�

�éþ|üõ°{†ó ¬° Ö±…üñ~ …̈}çÉ ì̄…Ž€ ¶©}þ Þ†ø¼ ü†Ö}ú …¶•. …üò …ì± ‹†

ð}†ü� ¤†¾ê …² „²ìõó Þ»¼ ðý³  {Ç†‹Ü ¬…°¬.

�†ü~…°ÿ â±ì†üþ ðíõðú|ø†ÿ �éþ|üõ°{†ó ̈†èÀ ô ð†ðõÞ†ì�õ²ü•|ø†ÿ

ì±‹õÉ ðý³ ‹ú ô¶ýéú „²ìõó AGT| ìÇ†èÏú ô ‹±°¶þ º~û …¶•. ‹~üò

ìñËõ° 59T€ üÏñþ ¬ì†üþ Þú ¬° „ó ðíõðú 59 ¬°¾~ ô²ó ̈õ¬ °… ¤×Ì

Þ±¬û …¶•€ ‹ú Îñõ…ó ìÏý†° �†ü~…°ÿ â±ì†üþ ¬° ðË± â±Ö}ú º~û …¶•.

ð}†ü� ¤†¾ê ¬° ›~ôë 2 â³…°½ º~û …¶•.

øí†ó Æõ° Þú …² …ÆçÎ†– ìñ~°ž ¬° ›~ôë 2 ì»©À …¶•€

ð†ðõÞ†ì�õ²ü•|ø†ÿ �éþ|üõ°{†ðþ �†ü~…°ÿ â±ì†üþ Ú†‹ê {õ›ùþ ð·Œ• ‹ú

�éþ|üõ°{†ó ̈†èÀ ð»†ó ìþ|¬øñ~. ‹† �±…Þñ¼ ô ô°Úú|…ÿ º~ó æüú|ø†ÿ

¨†á °¹ ¬° ²ìýñú �éþ|üõ°{†ó€ …üò æüú|ø† ‹ú Îñõ…ó  Î†üÛþ Úõÿ ô ¶~

…ð}Û†ë ›±ï ¬° ‹±…‹± ì¥¿õæ– Ö±…° ¤†¾ê …² {©±ü� Îíê ìþ|Þñ~

]32-12[. ¬° …üò ›† ðý³ �†ü~…°ÿ â±ì†üþ UPS| ‹ý»}± …² UPH| …¶•.

øí†ó|Æõ° Þú ¬° ‹©¼ ÚŒê ðý³ ‹ý†ó º~€ …üœ†¬ …{¿†æ– Úõÿ

Þõô…æð·þ ¬° ðíõðú|ø†ÿ UPS| ‹ú Þ†°…üþ ̈†á °¹ Þíà ìþ|Þñ~. …²

Æ±Ù ¬üã±€ …üœ†¬ ºß·• ¬° ²ðœý±ø†ÿ �éþ|üõ°{†ðþ ¤ýò Ö±…üñ~ {ùýú

UPH| ô Î~ï ô›õ¬ �ýõð~ø†ÿ Þõô…æð·þ ‹ýò ®°…– ̈†á °¹ ô ²ìýñú

²ìýñú �éþ|üõ°{†ðþ ¬èýê �†ü~…°ÿ Þí}± UPH| ð·Œ• ‹ú UPS| …¶•.

ð}ýœú âý±ÿ

|üà ì~ë …æ¶}õì± â±ì†ð±ï �éþ|üõ°{†ðþ ‹± �†üú �éþ|{}±…ì}ýéò âéýßõë€
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�éýí±º~ó ¬° ›† ô ‹ýò æüú|…ÿ º~ó ì̄…Ž€ ¤†ôÿ 4/0 ¬°¾~ ô²ðþ

¨†á °¹ …¾ç§ º~û {ùýú º~. ‹±°¶þ|ø†ÿ DXAW| ð»†ó ¬øñ~û
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¬…¬. ̈õ…Á Þ»»þ ð†ðõÞ†ì�õ²ü• �éþ|üõ°{†ðþ {ùýú º~û ‹ú °ô½
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