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The effects of temperature, time and the strategy of prepolymerization were studied on the morphol-
ogy of polypropylene particles. Propylene polymerization was carried out in slurry phase using 4th
generation of Ziegler-Natta Catalyst, cyclohexylmethyl dimethoxysilane as external electron donor,
and triethyl aluminum as co-catalyst. Prepolymerizations were carried out based on two strategies:
isothermal and non-isothermal conditions. Particle imaging using SEM, bulk density, and particle size
distribution was used to analyse the particle morphology. It was found that the variation of initial con-
dition together with the change in the mechanism of particle fracture has a dominant effect on parti-
cle morphology. Each combination between the temperature and reaction time causes to have a spe-
cial effect on the product particle morphology. It has become clear that in isothermal prepolymeriza-
tion, spherical particles with identical properties were produced. In low temperature experiments par-
ticles with porous surface were observed. At increasing temperature, however, the pores disappeared.
Non-isothermal prepolymerization produced different morphological types. In all experiments core-
shell structures were observed that seemed to be related to the structure of catalysts.
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…¶•. …ð}©†Ž ¬ô ¬ì†ÿ 51 ô Co|02  ‹† …̈}çÙ …ð~á „ðù† ‹ú …üò ìñËõ°

…¶• Þú …÷± …̈}çÙ|ø†ÿ …ð~á ¬ì† ìÇ†èÏú ºõ¬. øí¡ñýò€ ¬° º±…üÈ

÷†‹• ð}†ü� …üò ¬ô ¬ì† ‹}õ…ð~ {†‡üý~ Þññ~û üà|¬üã± ô ¾¥• „²ì†ü¼

‹†º~. …̈}çÙ 51 ¬°›ú ‹ýò ¬ì†ø†ÿ 03 ô Co54 ‹ú ìñËõ° ìÇ†èÏú …Ö³…ü¼

{Óýý±…– ¬ì† ð³¬üà ‹ú ¬ì†ÿ �éýí±º~ó …¾éþ ¬° ðË± â±Ö}ú º~û …¶•.

‹ñ†‹±…üò€ ‹±…ÿ ø± ðõÑ �ý¼|�éýí±º~ó 21 „²ì†ü¼ ô ¬° ìœíõÑ 42

„²ì†ü¼ Æ±…¤þ º~. …² …üò {Ï~…¬ ¬ô „²ì†ü¼ ¬° ìœíõÎú ð†øî|¬ì† …ðœ†ï

º~. øí¡ñýò€ üà „²ì†ü¼ ‹~ôó �ý¼|�éýí±º~ó ô üà „²ì†ü¼ ‹~ôó

µ
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ì±¤éú …¾éþ �éýí±º~ó …ðœ†ï º~. ‹ú Îçôû ‹±…ÿ ‹±°¶þ {ß±…°�̄ü±ÿ

ð}†ü� ¬ô „²ì†ü¼ {ß±…° â±¬ü~. ¬° ìœíõÑ 62 ðíõðú �éýí± ¶ñ}³ º~.

›~ôë 1 º±…üÈ ø± „²ì†ü¼ °… ð»†ó ìþ|¬ø~.

ð}†ü� ô ‹¥™

Þ†{†èý³ô° ìõ°¬ …¶}×†¬û ¬° º±…üÈ „²ì†ü»ã†û ¬…°…ÿ ‹†²¬øþ ¬° ì¥~ô¬û

0008 â±ï �éýí± ‹ú â±ï Þ†{†èý³ô° ¬° º±…üÈ 0303PPI| …¶•. {Óýý±

º±…üÈ …ôèýú ‹†Î™ {Óýý± ‹†²¬û Þ†{†èý³ô° ô {Óýý± º†̈À ›±ü†ó ì̄…Ž

ìþ|ºõ¬. …üò ð}†ü� ¬° ìÛ†èú ¬üã±ÿ …°…̂ú ìþ|ºõ¬.

Ÿã†èþ {õ¬û

ºßê 2 Ÿã†èþ {õ¬û °… ‹± ¤·� ¬ì†ÿ �ý¼|�éýí±º~ó øî ¬ì† ¬°

²ì†ó|ø†ÿ ì©}éØ ð»†ó ìþ|¬ø~. …¶}×†¬û …² ì±¤éú �ý¼|�éýí±º~ó

ìõ›� …Ö³…ü¼ Ÿã†èþ {õ¬û ¬° øíú „²ì†ü¼|ø† ð·Œ• ‹ú „²ì†ü¼ ‹~ôó

�ý¼|�éýí±º~ó PPN‹† Ÿã†èþ {õ¬û 3mc/g804/0 º~û …¶•. ¬° ²ì†ó

�ý¼|�éýí±º~ó nim01 üà ìñ¥ñþ ¾Ïõ¬ÿ ‹† ºý� ²ü†¬ ¬ü~û ìþ|ºõ¬€

¬° ¤†èþ Þú ¬° ²ì†ó nim03 ìñ¥ñþ ¬…°…ÿ üà ð†¤ýú …ÖÛþ ì·}Ûê …² ¬ì†

ìþ|ºõ¬. ‹ñ†‹±…üò€ ‹† …Ö³…ü¼ ²ì†ó �ý¼|�éýí±º~ó …÷± {Óýý±…– ¬ì† ‹±

Ÿã†èþ {õ¬û Þ†ø¼ ìþ|ü†‹~.

ºßê 3 Ÿã†èþ {õ¬û °… ‹± ¤·� ¬ì† ¬° ²ì†ó|ø†ÿ ì©}éØ ‹±…ÿ

�ý¼|�éýí±º~ó ð†øî|¬ì† ð»†ó ìþ|¬ø~. ¬° …üò ìõ°¬ øî …Ö³…ü¼ ¬ì†ÿ

º±ôÑ �ý¼|�éýí±º~ó ð†øî|¬ì† ìõ›� …Ö³…ü¼ Ÿã†èþ {õ¬û º~û …¶•.

¬° …üò ðíõ¬…° ‹±…ÿ ²ì†ó|ø†ÿ02 ô nim03 ìñ¥ñþ|ø† ¾Ïõ¬ÿ ø·}ñ~€

ôèþ ‹±…ÿ ²ì†ó nim01 ô ¬ì†ÿ Co03 üà Þíýñú ¬ü~û ìþ|ºõ¬. ¬° �ý¼

�éýí±º~ó øî|¬ì† øî Þíýñú|…ÿ ¬° ¬ì†ÿ Co03 ô ²ì†ó nim02 ¬ü~û

ìþ|ºõ¬. ‹† …üò ð}†ü� ‹ú ðË± ìþ|°¶~ ¬° …‹}~…ÿ ô…Þñ¼ �~ü~û|ø†ÿ

ì©}éØ ¶ýñ}ýßþ ü† ìÛ†ôì•|ø†ÿ …ð}Û†ë ‹† øî ¬° °Ú†‹• ø·}ñ~. ø± â†û

º±…üÈ ¬ì† ô ²ì†ó ìñ†¶� ‹±…ÿ �~ü~û|…ÿ Ö±…øî ºõ¬€ „ó �~ü~û Ò†è�

ìþ|ºõ¬ ô …÷± ̈õ¬ °… ‹ú ºßê Þíýñú ü† ‹ý»ýñú ¬° ìñ¥ñþ ð»†ó ìþ|¬ø~. ‹†

{õ›ú ‹ú „ó|Ÿú â×}ú º~€ ìþ|{õ…ó {±Þý�|ø†üþ …² ¬ì†€ ²ì†ó ô ð¥õû

�ý¼|�éýí±º~ó °… ü†Ö• Þú ìñœ± ‹ú ð}†ü� ì»†‹ú ºõð~ ]31[. 

{õ²üÐ …ð~…²û ®°…–

{õ²üÐ …ð~…²û ®°…– ð»†ó ìþ|¬ø~ Þú ®°…– {õèý~ º~û ð·Œ• ‹ú º±…üÈ

�éýí±º~ó ¬ôÒ†‹þ ô Ö»†° rab7 ¬°º•|…ð~ ]41[€ ‹ú Æõ°ÿ Þú ®°…– ²ü±

m553 ìÛ~…° ‹·ý†° ð†Ÿý³ÿ ø·}ñ~. …Þ±̃ ®°…– ¬°º•€ Þ±ôÿ ô ¬…ðú

ì†ðñ~ ø·}ñ~. ìñËî|{±üò ô ‹†°üà|{±üò {õ²üÐ …ð~…²û ®°…– )ºßê 4( ¬°

�ý¼|�éýí±º~ó øî ¬ì†€ ¬° nim02 ô  Co02 ì»†ø~û º~. ¬° ¤†èþ Þú 57

µ
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ºßê 2-…÷± ¬ì† ¬° �ý¼ �éýí±º~ó øî|¬ì† ¬° ²ì†ó|ø†ÿ ì©}éØ ‹±

Ÿã†èþ {õ¬û �éþ|�±ô�ýéò.

ºßê 3-…÷± ¬ì† ¬° �ý¼ �éýí±º~ó ð†øî|¬ì† ¬° ²ì†ó|ø†ÿ ì©}éØ ‹±

Ÿã†èþ {õ¬û �éþ|�±ô�ýéò.



¬°¾~ …üò ®°…– ‹ý¼ …² m017 ÚÇ± ¬…°ð~. …Ö³…ü¼ ¬ì† ¬°

�ý¼|�éýí±º~ó øî|¬ì† ‹†Î™ …Ö³…ü¼ ìÛ~…° ®°…– ¬°º• ô Þ†ø¼

ìÛ~…° ®°…– ì}õ¶È€ m017€ ìþ|ºõ¬.

{õ²üÐ …ð~…²û ®°…– ¬° ¬ì†ÿ º±ôÑ C
o54 ¬° PPIN‹± ¤·�

²ì†ó|ø†ÿ ì©}éØ ¬° ºßê 5 „ì~û …¶•. ¬° º±…üÈ ð†øî|¬ì† {õ²üÐ …ð~…²û

®°…– ‹†°üà|{± …¶•. ¬° …üò ðõÑ �ý¼|�éýí±º~ó {õ²üÐ …ð~…²û ®°…– µ

µ
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ºßê 4-{õ²üÐ …ð~…²û ®°…– �éýí± {õèý~ÿ ‹±…ÿ �ý¼ �éýí±º~ó øî|¬ì†

¬° nim02  ô ¬ì†ø†ÿ ì©}éØ.

ºßê 5-{õ²üÐ …ð~…²û ®°…– �éýí± ¬° �ý¼ �éýí±º~ó ð†øî|¬ì†ÿ º±ôÑ

º~û ¬° ¬ì†ÿ Co54 ‹± ¤·� ²ì†ó.
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Þí}± {¥• {†‡÷ý± {Óýý±…– ²ì†ó …¶•. {Óýý±…– ¬ì†ÿ º±ôÑ

�ý¼|�éýí±º~ó ð†øî|¬ì† ¬° ²ì†ó|ø†ÿ ÷†‹• ìõ›� {Óýý±…– ¶ùî ®°…–

¬°º• ìþ|ºõ¬€ ôèþ ¬° Þê {õ²üÐ …ð~…²û ®°…– {Óýý±…– ²ü†¬ÿ ì»†ø~û

ðíþ|ºõ¬. ‹ú Æõ° Þéþ€ {Óýý± º±…üÈ …ôèýú ‹†Î™ {Óýý± ¶ùî ®°…– ¬°º•

ìþ|ºõ¬€ ôèþ ðýíú °…¶• ìñ¥ñþ {õ²üÐ {¥• {†‡÷ý± º±…üÈ …ôèýú ðý·•.

{¿†ôü± MMEESS

{¿†ôü± MES€ ºßê 6€ ð»†ó|¬øñ~û ¶†̈}†° Þ±ôÿ ô ì}©é©ê ®°…–
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…¶•. …Þ±̃ ®°…– Þ†{†èý³ô° ¬…°…ÿ ºß†Öþ ‹³°å ô üà ü† ¬ô ›³Š

Þ†{†èý³ô° Ÿ·Œý~û ‹ú ̈õ¬ ø·}ñ~ Þú °ôÿ ºßê|ºñ†¶þ ðù†üþ ®°û ‹ú

º~– …÷± ìþ|â̄…°ð~. ÚÇ± üà Þ±û Þ†{†èý³ô° ¬° ¤~ô¬ m04 …¶•.

ºßê 7 {¿†ôü± ®°…– ‹† �ý¼|�éýí±º~ó øî ¬ì† °… ¬° Co51 ô ºßê 8

{¿†ôü± ®°…– °… ‹† �ý¼|�éýí±º~ó øî ¬ì† ¬° Co54 ð»†ó ìþ|¬ø~. ¬°

µ
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�ý¼|�éýí±º~ó øî ¬ì† …Þ±̃ ®°…– {õèý~ º~û Þ±ôÿ|…ð~ ô …ºß†ë ‹þ|ðËî

ô {¿†¬Öþ ¬° „ðù† Þí}± ¬ü~û ìþ|ºõ¬. øí¡ñýò€ ®°…– ¤†¾ê ‹·}ú ‹ú

º±…üÈ �ý¼|�éýí±º~ó ¬…°…ÿ ºßê ºñ†¶þ|ø†ÿ ¶Ç¥þ ì©}éØ

ø·}ñ~. �ý¼|�éýí±º~ó ¬° ¬ì†ÿ Co51‹†Î™ {õèý~ ®°…{þ ìþ|ºõ¬ Þú ¬°

¶Ç¦ „ðù† {±á|ø†ÿ ²ü†¬ÿ€ ‹ú ºßê ºý†°ø†ÿ ÎíýÜ ü† Þî ÎíÜ€ ì»†ø~û

ìþ|ºõ¬. ¬° ¤†èþ|Þú ¶Ç¦ ®°…{þ Þú ¬° ¬ì†ÿ Co54 �ý¼|�éýí± º~û|…ð~€

Þ†ìç_  ‹~ôó {±á …¶•. …üò ¤†è• {†Þñõó ¬° ì±…›Ð â³…°½ ð»~û …¶•.

¬° �ý¼|�éýí±º~ó øî|¬ì† ¬°  Co03  ø± ¬ô ðõÑ ®°û ¬ü~û ìþ|ºõ¬.  |

ºßê|ºñ†¶þ ¶Ç¥þ ̈†Á ®°…–€ ð†ºþ …² ¶†² ô Þ†° ̈†Á

ºß·• Þ†{†èý³ô° ô °º~ ®°û …¶• ]51[. ‹~üò {±{ý� ìþ|{õ…ó ð}ýœú

â±Ö• Þú ‹† {Óýý±…– ¬ì†ÿ �ý¼|�éýí±º~ó ¶†² ô Þ†° ºß·• Þ†{†èý³ô°

{Óýý± Þ±¬û …¶•. ‹ú ðË± ìþ|°¶~ ¬° ¬ì†ø†ÿ ²ü†¬{± �ý¼|�éýí±º~ó€

Þ†{†èý³ô° ‹ú º~– ìþ|ºßñ~ ô üà ®°û Þ†{†èý³ô° ‹ú {Ï~…¬ ‹·ý†° ²ü†¬ÿ

›³Š {Œ~üê ìþ|ºõ¬. ‹† °º~ øî|²ì†ó …üò …›³… ÖÃ†ÿ ̈†èþ Þíþ ‹ýò „ðù†

‹†Úþ ìþ|ì†ð~ ô ¬° ðù†ü• ¶Ç¥þ ¾†Ù ô ‹~ôó {±á …üœ†¬ ìþ|ºõ¬.

¬° ¬ì†ø†ÿ Þî€ C
o51€ ‹ú Îé• Þñ~‹õ¬ó ¶±Î• ô…Þñ¼ …‹}~…

²ðœý±ø†ÿ �éýí± ¬° Þ†ð†ë|ø†ÿ …¾éþ Þ†{†èý³ô° {»ßýê ìþ|ºõ¬ ô ÖÛÈ

…üò Þ†ð†ë ø† °… �± ìþ|Þññ~. ‹ñ†‹±…üò€ Þ†{†èý³ô° …‹}~… ‹ú Ÿñ~ {ßú ‹³°å

{Û·ýî ìþ|ºõ¬€ ¶�̧ ‹† °º~ ®°…– ø± {ßú ‹ú ðõ‹ú ̈õ¬ ‹ú …›³…ÿ °ü³{±

{Û·ýî ìþ|ºõ¬€ {† ¬° ðù†ü• ®°û ðù†üþ ºßê ‹ãý±¬. ¬° …üò ºýõû Îíéý†–

ºß·• Þ†{†èý³ô° ‹ú Æõ° …{×†Úþ ¬° ì~– ²ì†ó ‹ý»}± ô ‹ú ºßê

ì±¤éú|…ÿ …ðœ†ï ìþ|ºõ¬. ®°û ðù†üþ …² {Ï~…¬ Þí}±ÿ ®°…– …ôèýú {»ßýê

º~û …¶•. °º~ ð†øí†øñä {ßú|ø†ÿ ‹³°å Þ†{†èý³ô° ìõ›� …üœ†¬

ÖÃ†ø†ÿ ̈†èþ ¬° ®°û ìþ|ºõ¬. ‹ñ†‹±…üò€ ®°…– ¶†̈}ú º~û Îçôû ‹±

¶Ç¦ ‹·ý†° ì}©é©ê€ ¶†̈}†° ¬…̈éþ ì}©é©ê øî ¬…°ð~ ]61[. º†ø~ …üò

ìõÂõÑ Þ†ø¼ Ÿã†èþ {õ¬û ‹† Þ†ø¼ ¬ì†ÿ �ý¼|�éýí±º~ó …¶•. ‹†

…Ö³…ü¼ ¬ì† °Ú†‹• ‹ýò ¬ô ðõÑ ¶†² ô Þ†° ºß·• º±ôÑ ìþ|ºõ¬. ¬°

¬ì†ÿ Co03 ø± ¬ô ðõÑ ¶†² ô Þ†° ¬̈†è• ¬…°¬€ ¬° ¤†èþ Þú ¬° ¬ì†ÿ

C
o54 ¶†² ô Þ†° ºß·• „ðþ Ò†è� ìþ|ºõ¬. ºßê 9 …÷± …Ö³…ü¼ ¬ì†ÿ

�ý¼ �éýí±º~ó øî ¬ì† °… ‹± ºßê|ºñ†¶þ ®°…– ð»†ó ìþ|¬ø~.

|ºßê 01 {¿õü± MES| ®°…– {õèý~ º~û °… ‹† �ý¼ �éýí±º~ó ð†øî|¬ì†

ð»†ó ìþ|¬ø~. ¬° �ý¼|�éýí±º~ó ð†øî|¬ì† ‹† {õ›ú ‹ú º±…üÈ ì}Óý±

�ý¼|�éýí±º~ó ¬° üà „²ì†ü¼ ®°…– ì©}é×þ ô›õ¬ ¬…°ð~. ‹±…ÿ

„²ì†ü¼|ø†üþ Þú …² ¬ì†ÿ Þî º±ôÑ ìþ|ºõð~€ ®°…– ì}©é©ê ô ¾†Ù

øî ²ì†ó ô›õ¬ ¬…°ð~. …‹}~… ¬° ¬ì†ÿ Þî ¶†² ô Þ†° {»ßýê ®°…–

ì}©é©ê€ ºß·• ì±¤éú|…ÿ Þ†{†èý³ô° ‹± ‹ÏÃþ ®°…– ¤†Þî ìþ|ºõ¬€

¶�̧ ‹† …Ö³…ü¼ ¬ì† ‹† {õ›ú ‹ú …Ö³…ü¼ ¶±Î• ô…Þñ¼ ¶†² ô Þ†° {»ßýê

®°…– ¾†Ù€ ºß·• ¶±üÐ ô º~ü~ ¤†Þî ìþ|ºõ¬. ‹† …Ö³…ü¼ ¬ì†ÿ

º±ôÑ �ý¼|�éýí±º~ó ô …Ö³…ü¼ ²ì†ó€ º±…üÈ ‹ú �ý¼|�éýí±º~ó øî|¬ì†
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