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In this study, the slurry polymerization of ethylene over TiCl4/MgCl2/AlEt3 was obtained. Firstly, to
obtain the optimum value of [Al]/[Ti], the effect of [Al]/[Ti] on polymerization rate and catalyst
yield was studied. Also, the effect of catalyst content on yielding, crystallization, melting point and
density of product were obtained. To determine the order of reaction, the monomer pressure was var-
ied, and hyedrogen was used as transfer agent. Also, we used 1-butene as comomomer. According to
the results, hydrogen decreases the catalyst efficiency, melting temperature and molecular weight
and increases the melt flow index. The crystallinity is increased first and then it is reduced with
increasing H2 content and the density of the product has changed slightly by variation of hydrogen
pressure. Also, with increase in 1-butene content, as a comonomer to control polymer density, the
density, crystallinity, melting temperature and thickness of crystal lamella decrease and the melt flow
index increases. Likewise, the rate of polymerization is initially increased and then it is decreased
with comonomer content.
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CSDô ‹ú ô¶ýéú ð±ï|…Ö³…° 10.8.V eRATS€ …ð~²û|âý±ÿ º~û …¶•.

{Ïýýò º†̈À ›±ü†ó ì̄…Ž ÆŒÜ …¶}†ð~…°¬ 8321 MTSA| …ðœ†ï º~. ¬°

…üò …¶}†ð~…°¬ �éþ|…{ýéò ìÏíõæ_ ¬° ¬ì†ÿ Co091 ô ‹†° 61/2 ü† gk5 ‹±°¶þ

ìþ|ºõ¬. {Ïýýò ô²ó ìõèßõèþ ô {õ²üÐ „ó€ ‹† …¶}×†¬û …² ðíõðú|ø†ÿ

�éýí±ÿ ô ‹ú ô¶ýéú °ðä|ðã†°  ́ë {±…ô… )CPG( …ðœ†ï º~û …¶•. {±Þý�

¬°¾~ Îñ†¾± ìõ›õ¬ ¬° Þ†{†èý³ô° ‹† …¶}×†¬û …² ¬¶}ã†û ›Ž̄ …{íþ

ìÏýò º~.

ð}†ü� ô ‹¥™

‹ùýñú|¶†²ÿ ¶†ì†ðú Þ†{†èý³ô°ÿ

¬° …‹}~… ‹±…ÿ ‹ú ¬¶• „ô°¬ó ¶†ì†ðú Þ†{†èý³ô°ÿ ìñ†¶�€ „²ì†ü¼|ø†üþ

‹±…ÿ {Ïýýò ìÛ†¬ü± ‹ùýñú ð·Œ• ]iT[/]lA[| ô ìÛ~…° Þ†{†èý³ô° …ðœ†ï º~.

‹~üò ìñËõ°€ ìÛ~…° Þ†{†èý³ô° ÷†‹• ðãú ¬…º}ú ô ìÛ~…° Þíà Þ†{†èý³ô°

{Óýý± ¬…¬û º~ ô ìÛ~…° ÖÏ†èý• ¶†ì†ðú Þ†{†èý³ô° ô ¶±Î• �éýí±º~ó ‹ú

¬¶• „ì~. ºßê|ø†ÿ 1 ô 2{Óýý±…– ÖÏ†èý• ¶†ì†ðú Þ†{†èý³ô° ô ¶±Î•

�éýí±º~ó °… ¬° ÒéË• ]iT[| ‹±…‹± L/lomm|3/31ð»†ó ìþ|¬øñ~.

ºßê 1 -{Óýý±…– ¶±Î• �éýí±º~ó ‹† ²ì†ó ¬° �éýí±º~ó ¬ôÒ†‹þ ¬°

ð·Œ•|ø†ÿ ì©}éØ ]iT[/]lA[ )º±…üÈ ô…Þñ¼: Co08 = T€ rab8 = tP€

mpr005 = N€ rab0 = ]2H[ ô L/lomm3/31 = ]iT[(.
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øí†ó|Æõ° Þú …² ºßê 1 ì»†ø~û ìþ|ºõ¬€ ‹ý»}±üò ìÛ~…° ¶±Î• ¬°

]iT[/]lA[| ‹±…‹± 8/64 ¬¶• „ì~û …¶•. øî|Ÿñýò€ ‹† {õ›ú ‹ú ºßê2

ì»†ø~û ìþ|ºõ¬€ ‹ý»}±üò ìÛ~…° ÖÏ†èý• Þ†{†èý³ô° ¬° ]iT[/]lA[| ‹±…‹±

8/64 ‹ú ¬¶• „ì~û …¶•. ‹† …Ö³…ü¼ ð·Œ• ]iT[/]lA[| ì±…Þ³ ÖÏ†ë

‹ý»}±ÿ {õèý~ ìþ|ºõð~. …ì†€ …² ìÛ~…° ‹ùýñú ‹ú ‹Ï~ ‹† …Ö³…ü¼ …üò ð·Œ•

ì±…Þ³ ÖÏ†ë …¤ý† º~û ô +4iT| ‹ú +3iTô ‹† …Ö³…ü¼ ‹ý»}± ‹ú +2iT{Œ~üê

ìþ|ºõð~ Þú øíýò …ì± ‹†Î™ Þ†ø¼ ÖÏ†èý• Þ†{†èý³ô° ìþ|ºõ¬.

…÷± ìÛ~…° Þ†{†èý³ô°

‹±…ÿ ‹±°¶þ …÷± ìÛ~…° Þ†{†èý³ô° ¬° �éýí±º~ó …{ýéò ‹± ìÛ~…° ô ̈õ…Á

ì¥¿õë ‹ú ¬¶• „ì~û€ „²ì†ü¼|ø†üþ ¬° ð·Œ• ]iT[/]lA[| ‹ùýñú ¬°

ÒéË•|ø†ÿ ì©}éØ {ý}†ðýî …ðœ†ï º~. ð}†ü� …üò „²ì†ü¼|ø† ¬° ›~ôë1

„ô°¬û º~û …¶•. ‹† {õ›ú ‹ú ›~ôë1 ì»†ø~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ ìÛ~…°

Þ†{†èý³ô°€ ‹†²¬û ‹† {õ›ú ‹ú ‹ý»}± º~ó ìÛ~…° ì±…Þ³ ÖÏ†ë …Ö³…ü¼ ìþ|ü†‹~.

…ì† …üò …Ö³…ü¼€ …÷± ̈†¾þ ‹± Ÿã†èþ ð~…°¬ ô ¬ì†ÿ ®ôŽ Þ†ø¼ ü†Ö}ú

…¶• ]81[. ¬èýê …üò …ì± …²¬ü†¬ {Ï~…¬ ì±…Þ³ ÖÏ†ë ô ÷†‹• ‹õ¬ó ìÛ~…°

ìõðõì± ¬° ¶†ì†ðú …¶• Þú ‹†Î™ {õèý~ ²ðœý±ø†üþ ‹† Æõë Þõ{†û|{± ô Þî

º~ó â±û|̈õ°¬âþ ô ¬° ð}ýœú Þ†ø¼ ¬ì†ÿ ®ôŽ ìþ|ºõ¬. ‹† …Ö³…ü¼

ìÛ~…° Þ†{†èý³ô° ‹éõ°üñãþ °ôð~ ̈†¾þ °… ¬ðŒ†ë ðíþ|Þñ~.  |

…÷± Ö»†° …{ýéò

‹† {õ›ú ‹ú …øíý• Ö»†° ìõðõì± ¬° ¶†ì†ðú|ø†ÿ �éýí±º~ó Þ†{†èý³ô°ÿ

²üãé± -ð†{†€ �éýí±º~ó ¬° Ö»†°ø†ÿ ì©}éØ …{ýéò )4 {†  rab|8( …ðœ†ï º~.

ð}†ü� {Óýý±…– ¶±Î• ‹† ²ì†ó ‹±…ÿ …üò „²ì†ü¼|ø† ¬° ºßê3 „ô°¬û º~û

…¶•. ‹† {õ›ú ‹ú ð}†ü� ‹† …Ö³…ü¼ Ö»†° …{ýéò ¶±Î• �éýí±º~ó ðý³

…Ö³…ü¼ ìþ|ü†‹~. …ì†€ …üò …ì± …÷± ̈†¾þ ‹± °ôð~ {Óýý±…– ‹† ¶±Î• ð~…°¬

ô ìÛ~…° ‹ý»ýñú ¶±Î• ¬° øíú „²ì†ü¼|ø† {Û±üŒ†_ ¬° üà ²ì†ó )¤~ô¬

nim|52( °« ìþ|¬ø~ ]3€2[. øî|Ÿñýò€ ¬° ºßê4 ¬°›ú �éýí±º~ó ð·Œ•

‹ú Ö»†° ìõðõì± ‹ú ¬¶• „ì~û Þú ìÛ~…° „ó ‹±…‹± ‹† 25/1 …¶•.

ºßê 2 -{Óýý±…– ÖÏ†èý• ¶†ì†ðú Þ†{†èý³ô°ÿ ‹† ð·Œ• ]iT[/]lA[ ¬°

�éýí±º~ó ¬ôÒ†‹þ …{ýéò )L/lomm5/21 = ]iT[|€ h1 = t| ô ¶†ü± º±…üÈ

ì†ðñ~ ºßê1 …¶•(.

ºßê 3 -{Óýý±…– ¶±Î• �éýí±º~ó ‹† ²ì†ó ¬° �éýí±º~ó ¬ôÒ†‹þ ô ¬°

Ö»†°ø†ÿ ì©}éØ …{ýéò )º±…üÈ ô…Þñ¼: Co08 = T€ mpr005 = N€

8/64 = ]iT[/]lA[ ô L/lomm3/31 = ]iT[(.

›~ôë 1 -…÷± ìÛ~…° Þ†{†èý³ô° ‹± ìÛ~…° ô ̈õ…Á �éþ|…{ýéò {õèý~º~û

)º±…üÈ ô…Þñ¼: Co08 = T€ rab8 = tP€ mpr008 = N€ 8/64 = ]iT[/]lA[€

rab0 =]2H[ ô h1 = t(.

Ÿã†èþ

)3mc/g(

¬ì†ÿ ®ôŽ

)Co(

¬°¾~

‹éõ°üñãþ

‹†²¬û

)g(

ìÛ~…° Þ†{†èý³ô°

)iTlomm(

049/0

149/0

249/0

42/831

19/631

12/631

24/85

24/17

28/0

013

743

063

331/0

5991/0

4932/0
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…÷± øý~°ôó́

¬° ºßê5 ðíõ¬…° ¶±Î• �éýí±º~ó …{ýéò ¬° ‹±…‹± ²ì†ó ð»†ó ¬…¬û º~û

…¶•. ‹† {õ›ú ‹ú ð}†ü� ì»†ø~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ Ö»†° øý~°ôó́ ìÛ~…°

ì¿±Ù …{ýéò ô ¬° ð}ýœú ¶±Î• �éýí±º~ó Þ†ø¼ �ý~… Þ±¬û …¶•. ¬èýê

…üò …ì± ‹† {õ›ú ‹ú ìÇ†èÏ†–  nissiK| )Þú ÚŒç_ ðý³ ‹ú „ó …º†°û º~( ]21[ ô

…÷± ‹}†„âõ¶}ýà øý~°ôó́ ‹± ¶ýñ}ýà �éýí±º~ó ‹ú °…¤}þ Ú†‹ê {õ›ýú

…¶•. øî|Ÿñýò€ …Ö³…ü¼ ìÛ~…° øý~°ôó́ …÷± ̈†¾þ ‹± °ôð~ ðýî|°«

¶±Î• ð~…°¬ ô …üò ‹ú ìÏñ†ÿ …÷± üß·†ó øý~°ôó́ ‹± ¶±Î• ÖÏ†ë ô

Òý±ÖÏ†ë º~ó ì±…Þ³ …¶•. ‹† …Ö³…ü¼ øý~°ôó́€ ²ì†ó °¶ý~ó ‹ú ‹ý»}±üò

¤~ ì¿±Ù …{ýéò ðý³ Þ†ø¼ ìþ|ü†‹~ ô ðýî|°« ¶±Î• ¬° ì~– ²ì†ó

Þõ{†û|{±ÿ ‹ú ¤†è• �†ü~…° ìþ|°¶~. ¬èýê …üò …ì± …Ö³…ü¼ …÷± ‹}†„âõ¶}ýà

‹† …²¬ü†¬ Ö»†° øý~°ôó́ ô ¬° ð}ýœú Òý±ÖÏ†ë º~ó ‹ý»}± ì±…Þ³ ÖÏ†ë

…¶•. …üò ìõÂõÑ ‹†Î™ ìþ|ºõ¬€ Þ†{†èý³ô° °Ö}ú °Ö}ú ÖÏ†èý• ̈õ¬ °… …²

¬¶• ¬ø~ ô ‹ý»}±üò ìÛ~…° ì¿±Ù ìõðõì± ‹ú ²ì†ó|ø†ÿ Þí}± ›† ‹ú ›†

ìþ|ºõ¬. ¬° ºßê6 ì»†ø~û ìþ|ºõ¬€ ÖÏ†èý• Þ†{†èý³ô° ðý³ ‹† …Ö³…ü¼

Ö»†° øý~°ôó́ Þ†ø¼ ü†Ö}ú ô ¬° ð}ýœú „ó ºý� Þ†ø¼ ÖÏ†èý• Þí}±

ìþ|ºõ¬ Þú …üò …ì± ìþ|{õ…ð~ ‹ú ¬èýê ì†øý• {Ï†¬èþ ô…Þñ¼ {»ßýê

Þí�éß̧ ‹}†„âõ¶}ýà ‹†º~.

¬° ›~ôë2 …÷± Ö»†° øý~°ôó́ °ôÿ ô²ó ìõèßõèþ ô º†̈À

�±…Þñ~âþ �éþ|…{ýéò {õèý~º~û „ì~û …¶•. ð}†ü� ð»†ó ìþ|¬ø~€ ‹† …Ö³…ü¼

Ö»†° øý~°ôó́€ ô²ó ìõèßõèþ �éýí± Þ†ø¼ ìþ|ü†‹~. ²ü±…€ øý~°ôó́  Æþ

ô…Þñ¼ ‹ú Îñõ…ó Î†ìê …ð}Û†ë ²ðœý± Îíê ìþ|Þñ~ ô ‹† …Ö³…ü¼ ìÛ~…° „ó ¬°

ì¥ýÈ ìÛ~…° ô…Þñ¼|ø†ÿ …ð}Û†ë ‹ú øý~°ôó́ …Ö³…ü¼ ìþ|ü†‹~ ô ‹†Î™

Þ†ø¼ ô²ó ìõèßõèþ �éýí± ìþ|ºõ¬ ]3[. øî|Ÿñýò€ ð}†ü� ð»†ó ìþ|¬ø~€

ºßê 5 -{Óýý±…– ¶±Î• �éýí±º~ó ¬ôÒ†‹þ …{ýéò ‹† Ö»†° øý~°ôó́

)L/lomm3/31 = ]iT[|€ 8/64 = ]iT[/]lA[€  h1 = t| ô ¶†ü± º±…üÈ ì†ðñ~

ºßê 1 …¶•(.

ºßê 4 -¬°›ú ¶±Î• �éýí±º~ó ð·Œ• ‹ú Ö»†° …{ýéò ¬° Ö†² ¬ôÒ†‹þ

)8/64 = ]iT[/]lA[€ L/lomm5/21 =iT| ô ¶†ü± º±…üÈ ì†ðñ~ ºßê 1 …¶•(.

ºßê 6 -{Óýý±…– ÖÏ†èý• ¶†ì†ðú Þ†{†èý³ô°ÿ ‹† Ö»†° øý~°ôó́ ¬°

�éýí±º~ó ¬ôÒ†‹þ …{ýéò )L/lomm3/31 = ]iT[|€ 8/64 = ]iT[/]lA[€ 

h1 = t| ô ¶†ü± º±…üÈ ì†ðñ~ ºßê 1 …¶•(.
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º†̈À �±…Þñ~âþ �éýí± ìÛ~…°ÿ Þ†ø¼ ü†Ö}ú …¶•. …üò …ì± ìþ|{õ…ð~ ‹ú

¬èýê …÷± ‹ý»}± øý~°ôó́ °ôÿ ì±…Þ³ ÖÏ†èþ ‹†º~ Þú ô²ó ìõèßõèþ

‹ý»}±ÿ {õèý~ ìþ|Þññ~. ¬° ð}ýœú …üò …÷±â̄…°ÿ ô²ó|ø†ÿ ìõèßõèþ ²ü†¬

‹ú º~– …Ö• ìþ|Þññ~€ ¬° ¤†èþ Þú Þ†ø¼ ô²ó|ø†ÿ ìõèßõèþ Þí}± ²ü†¬

Ú†‹ê {õ›ú ðý·•. ‹ñ†‹±…üò€ �éýí± {õèý~º~û ¬…°…ÿ ²ðœý±ø†ÿ ‹† ô²ó

ìõèßõèþ Þî ô ¬° üà ì¥~ô¬û ‹†°üà|{± …¶•.

¬° ›~ôë3 …÷± øý~°ôó́ °ôÿ ‹±̈þ …² ̈õ…Á ì¥¿õë ðù†üþ )¬ì†ÿ

®ôŽ€ ‹éõ°üñãþ€ Ÿã†èþ ô º†̈À ›±ü†ó ì̄…Ž( „ô°¬û º~û …¶•. ‹†

{õ›ú ‹ú ð}†ü�€ ‹† …Ö³…ü¼ Ö»†° øý~°ôó́ ¬ì†ÿ ®ôŽ Þ†ø¼ ìþ|ü†‹~.

²ü±…€ ‹† Þ†ø¼ ô²ó ìõèßõèþ â±û|̈õ°¬âþ ‹ýò ²ðœý±ø† Þ†ø¼ ô ¬°

ð}ýœú Ú†‹éý• {¥±á ²ðœý±ø† …Ö³…ü¼ ìþ|ü†‹~. øî|Ÿñýò€ ‹† …²¬ü†¬ Ö»†°

øý~°ôó́ ‹éõ°üñãþ ì¥¿õë ðù†üþ …‹}~… …Ö³…ü¼ ô ¶�̧ Þ†ø¼ ìþ|ü†‹~.

¬° ô…ÚÐ {Óýý±…– ‹éõ°üñãþ ‹† Ö»†° øý~°ôó́ º†ìê ¬ô ‹©¼ …¶• ô

ìÏ†¬èú ²ü± °… ‹±…ÿ …üò {Óýý±…– ìþ|{õ…ó …°…̂ú Þ±¬ ]01[:

Þú ‹±…ÿ 015>WM€ C
o

X€ ¬°¾~ ‹éõ°üñãþ ¬° Òý†Ž øý~°ôó́ ô

1-rab|8/86 =|ô ‹±…ÿ015<WM€ C
o

X¬°¾~ ‹éõ°üñãþ ¬° Ö»†°

øý~°ôó́  rab|3 ô 1-rab|56/02= | …¶•. ¬° ô²ó ìõèßõèþ ‹ý»}± …² 015

|‹† Þ†ø¼ ô²ó ìõèßõèþ )…Ö³…ü¼ Ö»†° øý~°ôó́( ¬°¾~ ‹éõ°üñãþ

…Ö³…ü¼ ìþ ü†‹~. ‹± …¶†¹ ðË±üúadiL ]91[ ‹±…ÿ ‹éõ°º~ó �éþ|…{ýéò

ì̄…Ž€ ‹† …Ö³…ü¼ ô²ó ìõèßõèþ ‹éõ°üñãþ …Ö³…ü¼ ìþ|ü†‹~. ‹† Þ†ø¼ ô²ó

ìõèßõèþ€ ²ðœý±ø†ÿ �éýí±ÿ ‹ú Æõ° ìñËî ¬° ¬…̈ê ¶éõë|ø†ÿ ‹éõ°

Ú±…° ìþ|âý±ð~ ô ¬°¾~ ‹©¼ ‹þ|ºßê Þ†ø¼ ô ¬° ð}ýœú ìÛ~…°

‹éõ°üñãþ …Ö³…ü¼ ìþ|ü†‹~. ¬° ô²ó ìõèßõèþ Þí}± …² 015 |‹† …Ö³…ü¼ Ö»†°

øý~°ôó́ ìÛ~…° ‹éõ°üñãþ Þ†ø¼ ìþ|ü†‹~. ¬° …üò ì¥~ô¬û ‹† Þ†ø¼ ô²ó

ìõèßõèþ ²ðœý±ø†€ {Ï~…¬ …ð}ù†ÿ „²…¬ ²ðœý±ø†üþ Þú ‹ú Îñõ…ó ð†̈†è¿þ

Ö†² ‹éõ° Îíê ìþ|Þññ~€ …Ö³…ü¼ ô ‹† Ú±…° â±Ö}ò …ð}ù†ÿ „²…¬ ²ðœý±ø† ¬°

ìñ†ÆÜ ‹þ|ºßê€ ¬°¾~ ‹éõ°üñãþ Þ†ø¼ ìþ|ü†‹~.

‹† {õ›ú ‹ú ð}†ü� ‹† …Ö³…ü¼ Ö»†° øý~°ôó́€ º†̈À ›±ü†ó ì̄…Ž

�éýí± ðý³ …Ö³…ü¼ ìþ|ü†‹~. ²ü±…€ ô²ó ìõèßõèþ ²ðœý±ø†ÿ �éýí±ÿ Þ†ø¼

ìþ|ü†‹~ ô â±û|̈õ°¬âþ ²ðœý±ø† Þî ìþ|ºõ¬. ‹ñ†‹±…üò€ ‹† …Îí†ë ðý±ô ‹±

ì̄…Ž �éýí± ‹ú ¬èýê {¥±á ²ðœý±ø† ô ðý³ Ö±…üñ~�̄ü±ÿ ‹ý»}± ›±ü†ó

ì̄…Ž ‹ý»}±ÿ ¬° ²ì†ó „²ìõó …² ¬¶}ã†û „²ìõó ‹ý±ôó ìþ|„ü~. Ÿã†èþ

ì¥¿õë ðý³ ‹† …Ö³…ü¼ Ö»†° øý~°ôó́ ìÛ~…° Þíþ …Ö³…ü¼ ð»†ó ìþ|¬ø~.

…÷± Þõìõðõì±

¨õ…Á ðù†üþ ì¥¿õë {õèý~º~û ¬° ìœ†ô°– Þõìõðõì± 1 -‹õ{ò ô ¬°

Òý†Ž øý~°ôó́ ¬° ›~ôë4 „ô°¬û º~û …¶•. ìÛ~…° ‹éõ°üñãþ€ ¬ì†ÿ

®ôŽ ô Ÿã†èþ �éýí± ‹ú ÒéË• 1 -‹õ{ò ¬° ̈õ°…á ô…‹·}ú …¶• ô ‹†

…Ö³…ü¼ ìÛ~…° Þõìõðõì± ‹éõ°üñãþ€ ¬ì†ÿ ®ôŽ ô Ÿã†èþ Þ†ø¼

ìþ|ü†‹ñ~. ‹† ô°ô¬ Þõìõðõì±€ øî ºßê ‹õ¬ó ²ðœý±ø†ÿ �éþ|…{ýéò ‹± …÷±

Ú±…°âý±ÿ º†̈ú|ø†ÿ Þõ{†û °ôÿ ²ðœý± …¾éþ …² ‹ýò ìþ|°ô¬ ô

β

β

º†̈À

�±…Þñ~âþ

ì}õ¶È ô²ðþ

ô²ó ìõèßõèþ

ì}õ¶È Î~¬ÿ

ô²ó ìõèßõèþ

Ö»†° øý~°ôó́

)rab(

57649/4

43894/4|

29629/3
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