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Polyethylene imide was synthesized from the reaction of high density polyethylene grafted maleic
anhydride (PE-g-MA) and 1,4-diaminobutane in boiling xylene. The chemical compositions of the
reaction products were examined by Fourier transform infrared spectroscopy. Different conditions
and parameters like the effect of temperature, time, monomer concentration and oxygen on the extent
of reaction and gel content were studied and the best conditions of the reaction were determined.
Thermal analysis using differential scanning calorimetry and thermogravimetry analysis was carried
out to determine thermal stabilities and properties of the reaction products. Rheometry experiments
were also performed to determine the rheological properties. The results show that PE-g-MA and
PE-g-imide have better properties.

Abstract

Key Words

*ì·‰õë ìß†{Œ†–€ �ý†ï|ðã†°: 

ri.ca.seradom@hedazrasmes

(*) To whom correspondence should

be addressed. 

E-mail: semsarzadeh@modares.ac.ir

Study on the Synthesis and Physical Properties of
Polyethylene Imide Derived from HDPE 

M.A. Semsarzadeh*, M. Tavakoli and V. Poursorkh Abi
Polymer Engineering Grpoup, Faculty of Engineering, Tarbiat Modares University,

P.O. Box: 14115/143, Tehran, Iran
Received 1 May 2007; accepted 1 December 2007



{ùýú �éþ|…{ýéò||…üíý~ …² �éþ|…{ýéò ¶ñãýò ô ‹±°¶þ ̈õ…Á Öý³üßþ „óì¥í~Îéþ ¶í·†°²…¬û ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 1€ Ö±ô°¬üò -…°¬üŒù»• 7831 36

ìÛ~ìú

�éþ|…üíý~ø† …ôèýò ‹†° ¬° ¶†ë 8091 ìýç¬ÿ Þ»Ø ô ¶ñ}³ º~ð~ ô ¬°

…ô…üê ¬øú 0691 …ôèýò {õèý~ ¾ñÏ}þ „ðù† ‹ú ‹†²…° Î±Âú º~. …üò �éýí±ø†

øíõ…°û ‹ú ¬èýê ̈õ…Á ôüµû ô ìñ¥¿± ‹ú Ö±¬ ô ìÛ†ôì• â±ì†üþ ìõ°¬

{õ›ú ‹õ¬û|…ð~€ ‹ú øíýò ¬èýê ¬° ¾ñ†üÐ ì©}éØ ì†ðñ~ øõ…ÖÃ†€

…èß}±ôðýà ô ìýß±ô…èß}±ôðýà€ øí¡ñýò ¬° èŒ†¹|ø†ÿ ìÛ†ôï ¬° ‹±…‹±

„{¼ ô ÚÇÏ†– …{õìŒýê ì¿±Ù â·}±¬û|…ÿ ¬…°ð~. {† Þñõó ì}~…ôë|{±üò

°ô½ {ùýú �éþ|…üíý~ø† ô…Þñ¼ �éýí±º~ó {±…Þíþ ¬ÿ|…ðý~°ü~ ‹† ¬ÿ|„ìýò

‹õ¬û …¶• ô …üò ô…Þñ¼ ¬° ¤†è• ì̄…Ž ü† ¬° ¤çë …ðœ†ï ìþ|ºõ¬.

¬ÿ„ìýò ìõ°¬ …¶}×†¬û ìþ|{õ…ð~ „°ôì†{ýà ü† „èý×†{ýà ‹†º~.

…ì±ô²û �éþ|…{ýéò üßþ …² �±Þ†°‹±¬{±üò ô ìùî|{±üò �éýí± ìõ›õ¬ …¶•.

…â±Ÿú ìþ|{õ…ó …ðõ…Ñ ì©}é×þ …² „ó °… ‹† ì¥~ô¬û ô¶ýÏþ …² Ÿã†èþ ô

â±…ð±ôÿ {õèý~ Þ±¬€ …ì† ‹ú Îé• ‹±̈þ ì·†ê̂ Þ†°‹±¬ „ó ì¥~ô¬ …¶•.

üßþ …² …üò ìÏ†ü�€ ì†øý• Òý±ÚÇŒþ �éþ|…{ýéò …¶• Þú ìõ›�

°ðä|�̄ü±ÿ ô Ÿ†’|�̄ü±ÿ ÂÏýØ ô øí¡ñýò Ÿ·Œñ~âþ Þî „ó ‹† ¶†ü±

�éýí±ø†ÿ ÚÇŒþ ¬° „ìý³û|ø† ìþ|ºõ¬. ‹±…ÿ °ÖÐ …üò ì»ßç– ‹† …{ýéò ô

ìõðõì±ø†ÿ ÚÇŒþ Þõ�éýí± „ó {õèý~ ìþ|ºõ¬€ ü† �éþ|…{ýéò ‹ú Þíà

ô…Þñ¼ �ýõð~²ðþ °…¬üß†ë „²…¬ ìõèßõë|ø†ÿ ÚÇŒþ ¶ý±ð»~û °ôÿ ²ðœý±

…¾éþ ‹† „Ò†²â±ø†ÿ �±ôÞ·ý~ÿ€ …¾ç§ ìþ|ºõ¬. üßþ …² …üò

…¾ç§|Þññ~û|ø†€ ì†è‰ýà|…ðý~°ü~ …¶•. ¬° …üò ìõ°¬ …ð}Ë†° ìþ|°ô¬ Þú

¶†̈}†° ìõèßõèþ �éþ|…{ýéò ¬° …÷± …üò …¾ç¤†– {Óýý± ðßñ~€ …ì† ‹ú Æõ°

Þéþ …üò ô…Þñ¼|ø† ìñœ± ‹ú …üœ†¬ …{¿†æ– Î±Âþ ‹ýò ²ðœý±ø†ÿ

�éþ|…{ýéò ìþ|ºõð~ ]|1[.

�éþ|…{ýéò Î†ìê|¬…° º~û …² °…û Ö±…üñ~ ¬° ¤†è• ì¥éõë ô ì̄…Ž Ú†‹ê

{õèý~ …¶•. Ö±…üñ~ ¤†è• ì̄…Ž€ …Þ·}±ôó́ ô…Þñ»þ ð†ìý~û ìþ|ºõ¬ Þú

�éýí± ì̄…Ž ¬° …Þ·}±ô¬° ‹† ìõðõì± ô „Ò†²â± ¬° ¬ì†ø†ÿ ²ü†¬ ì©éõÉ

ìþ|ºõ¬. ¬° Ö±…üñ~ ì¥éõë€ �éýí± ¬° ¤çèþ ìñ†¶� ¬° ¬ì†ÿ ²ü†¬ ¤ê

ìþ|ºõ¬ ô ìõðõì± ô „Ò†²â± ðý³ ‹ú ì¥éõë …Â†Öú ìþ|ºõð~.

ºßê 1 ðí†ÿ Þéþ ¶†² ô Þ†° �ýõð~²ðþ ì†è‰ýà …ðý~°ü~ °ôÿ �éþ|…{ýéò

°… ‹† …¶}×†¬û …² „Ò†²â± ¬ÿ|Þõìýê �±ôÞ·ý~ ð»†ó ìþ|¬ø~.

¬° …üò Ö±…üñ~ °…¬üß†ë|ø†ÿ …ôèýú ¤†¾ê …² {œ³üú º±ôÑ|Þññ~û )OR(

üà øý~°ôó́ …² ²ðœý± …¾éþ �éþ|…ôè×ýò ›Ž̄ ìþ|Þññ~ ô ì±Þ³ ÖÏ†ë

°…¬üß†èþ ‹ú °ôÿ ²ðœý± …¾éþ ìñ}Ûê ìþ|ºõ¬. ‹~üò|{±{ý�€ ²ðœý± �éýí± ‹ú

üà ¬°º•|°…¬üß†ë {Œ~üê ìþ|ºõ¬ Þú üà ô…Þñ¼ ìÇéõŽ …¶•. Îçôû

‹± …üò€ °…¬üß†ë|ø†ÿ …ôèýú ìíßò …¶• ¬° øíõ�éýí±º~ó€ ìõ›�

ô…Þñ¼|ø†ÿ ›†ðŒþ ô ð†ìÇéõ‹þ ºõð~ Þú …ôèýãõì±ø†ÿ {õèý~ º~û …² „ó

…{¿†ë ²ü†¬ÿ ‹† ²ðœý± �éýí± ð~…°¬. ¬°º•|°…¬üß†ë|ø†ÿ {»ßýê º~û ð†ºþ

…² ›Ž̄ øý~°ôó́ …² ²ðœý± �éýí± ‹ú ô¶ýéú °…¬üß†ë|ø†ÿ …ôèýú ìþ|{õ…ðñ~

¬° ô…Þñ¼|ø†ÿ º†̈ú|…ÿ º~ó€ ºŒßú|…ÿ º~ó ô �ýõð~²ðþ ìõðõì± º±Þ•

Þññ~. ¬°º•|°…¬üß†ë|ø†ÿ …üœ†¬ º~û °ôÿ ²ðœý± �éþ|…{ýéò {í†üê ²ü†¬ÿ

‹ú º±Þ• ¬° ô…Þñ¼|ø†ÿ º†̈ú|…ÿ º~ó ô ºŒßú|…ÿ º~ó ¬…°ð~€ ¬° ¤†èþ

Þú ¬°º•|°…¬üß†ë|ø†ÿ …üœ†¬ º~û °ôÿ ²ðœý± �éþ|�±ô�ýéò {í†üê ²ü†¬ÿ

‹ú º±Þ• ¬° ô…Þñ¼ ºß·• ²ðœý±  ¬…°ð~ ]|1[.

ºßê 1-  ¶†² ô Þ†° �ýõð~²ðþ ì†è‰ýà|…ðý~°ü~ °ôÿ �éþ …{ýéò ]2[.



�éþ|…ôè×ýò|ø†ÿ Î†ìê|¬…° º~û …Òé� ‹ú Îñõ…ó Î†ìê Ÿ·Œñ~âþ ¬°

Öýéî|ø†ÿ Ÿñ~æüú ‹ú øí±…û TEP| ô AP| ¬° ¾ñ†üÐ ‹·}ú|‹ñ~ÿ€

¶†²â†°Þññ~û ¬° „ìý³û|ø†ÿ �éþ|…ôè×ýò ‹† �éýí±ø†ÿ ÚÇŒþ|{± ìễ
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…ðý~°ü~ÿ ‹†² º~û ô {Œ~üê ‹ú â±ôû|ø†ÿ „ìý~ -…¶ý~ ºõð~€ …¬…ìú ìþ|ü†‹~.
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ì»†ø~û º~ Þú ‹† …Ö³…ü¼ ¬ì† ìÛ~…° {Œ~üê â±ôû|ø†ÿ Þ±‹õÞ·ýéýà ‹ú
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…Ö³…ü¼ ìÛ~…° ë́ °… ìþ|{õ…ó ‹ú …Þ·†ü¼ ²ðœý±ø†ÿ �éþ|…{ýéò ¬°
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