
F
ull factorial experimental design (23) for the evaluation of slurry ethylene

polymerization in the presence of an industrial TiCl4/MgCl2 Ziegler-Natta

catalyst was employed. The following parameters were used as independent

variables: Al/Ti molar ratio, reaction temperature and hydrogen partial pressure. The

total polymerization pressure was 9 bar. Catalyst activity, MFI (melt flow index) and

melting temperature were statistically analyzed through response surface method.

Hydrogen partial pressure had the most and temperature had the least effect on cata-

lyst activity. Catalyst activity was affected by binary interactions of Al/Ti molar

ratio-hydrogen partial pressure and temperature-hydrogen partial pressure. No inter-

action of temperature-Al/Ti molar ratio was found. Hydrogen partial pressure, tem-

perature and their interaction had the strongest influence on MFI. Cubic models were

employed for describing the surface responses of catalyst activity and melt flow

index as a function of operating variables. The effects of Al/Ti molar ratio, reaction

temperature, hydrogen partial pressure and their interactions were not significant

from statistical point of view. Therefore no cubic model was employed.
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…¶•. ì}Óý±ø†ÿ ì·}Ûê ¬° ðË± â±Ö}ú º~û ‹±…ÿ …°²ü†‹þ �éýí±º~ó

…{ýéò€ ð·Œ• ìõèþ iT/lA€ ¬ì† ô Ö»†° ›³üþ øý~°ôó́ …¶•. …¶†¹

…ð}©†Ž ì}Óý±ø† °›õÑ ‹ú ìÛ†æ– ô …¶}×†¬û …² ‹±̈þ …ÆçÎ†– ô…¤~

�éþ|…{ýéò ¶ñãýò ìœ}íÐ �}±ôºýíþ …°…á ‹õ¬û …¶• ]|6-4[|. ‹±…ÿ ø±

ì}Óý± ì·}Ûê ¬ô ¶Ç¦ ¬° ðË± â±Ö}ú º~ )›~ôë2(. ¶Çõ§ …ð}©†Ž º~û

‹± …¶†¹ {œ†°Ž Þ·� º~û ¤ýò „²ì†ü¼|ø†ÿ ìõ¶õÿ ô øíß†°…ó

‹õ¬û …¶• ô ø± Þ†{†èý³ô° ìÛ~…° ôüµû ̈õ¬ °… ¬…°¬ ]|9[|.  |

‹† {õ›ú ‹ú …øíý• ð}†ü� ¤†¾ê …² Þ†° ÚŒéþ ì¥~ô¬û ð·Œ• ìõèþ

iT/lA| ô ¬ì†ÿ ô…Þñ¼ …² „ó ì±›Ð …ð}©†Ž º~. ‹±…ÿ Þ·� …ÆçÑ …² …÷±

øý~°ôó́ ô ‹±øî Þñ¼ „ó ‹† ¬ô Î†ìê ¬üã± Ö»†°ø†ÿ øý~°ôó́ 2 ô rab4

…ð}©†Ž º~ Þú …² ¬ü~â†û ¾ñÏ}þ ðý³ ¬ô ìÛ~…° …̈}çÙ ìñ†¶Œþ ¬…°ð~. ‹ú

Æõ° ì·éî€ ‹±…ÿ ‹±°¶þ º±…üÈ „²ì†ü¼ Þ†ìç_ ì}×†ô– ‹† ¤†è• Þñõðþ

‹†ü~ ¬° „üñ~û Æ±…¤þ „²ì†ü¼ ¬üã±ÿ …ðœ†ï âý±¬. æ²ï ‹ú ü†¬„ô°ÿ …¶•€

‹±…ÿ Þ†{†èý³ô° ²üãé± -ð†{† {Óýý±…– ÖÏ†èý• ‹± ¤·� ¬ì† ô ð·Œ• ìõèþ

iT/lA| ¬…°…ÿ ‹ý»ýñú …¶•. …² …üò °ô ‹ù}± …¶•€ ðõ…¤þ ‹±°¶þ º~û ‹±…ÿ

Æ±…¤þ „²ì†ü¼ {×ßýà ºõ¬ {† {×·ý± ð}†ü� ì±‹õÉ ‹ú ‹± øî|Þñ¼|ø†

ìíßò ‹†º~. ì}Óý±ø†üþ Þú Æþ „²ì†ü¼ ø†ÿ �éýí±º~ó …ð~…²û|âý±ÿ ô ‹ú

›~ôë1 -¬…¬û ø†ÿ Öý³üßþ Þ†{†èý³ô°*.

*…üò …ÆçÎ†– …² ô…¤~ ¾ñÏ}þ �éþ|…{ýéò ¶ñãýò …°…á ¬°ü†Ö• º~û …¶•.

¶Ç¦ ì©¿õÁ

)g/2m( TEB| 

…ð~…²û ®°…–
Ÿã†èþ

)3mc/g( 

Ÿã†èþ {õ¬û

)3mc/g(
)°A(pr

)ºÏ†Ñ {©é©ê(

S| )…ð¥±…Ù

…¶}†ð~…°¬(

ÚÇ± ì}õ¶È

)m( od μ

960/941 7/93 513/0 03 23/1 85/0

¶Ç¦ ‹†æ )1+( ¶Ç¦ �†üýò )1-( ì}Óý±ø†ÿ ì·}Ûê

002

08

4

001

06

2

|ð·Œ• ìõèþ )iT/lA(

¬ì† )C°(

Ö»†° ›³üþ øý~°ôó́ 
2HP)rab( 

›~ôë 2 -¶Çõ§ ì}Óý±ø†ÿ ì·}Ûê ‹±…ÿ �éýí±º~ó …{ýéò.
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Æõ° „ì†°ÿ ìÇ†èÏú º~ð~€ ÎŒ†°{ñ~ …²: ÖÏ†èý• Þ†{†èý³ô°€ º†̈À ›±ü†ó

ì̄…Ž  ô ¬ì†ÿ ®ôŽ. ø± „²ì†ü¼ üà ì±{Œú {ß±…° º~. ‹ñ†‹±…üò€ ‹±…ÿ üà

º±…üÈ „²ì†ü¼ ̈†Á ¬ô ðíõðú ô›õ¬ ¬…°¬ ô ÖÏ†èý• Þ†{†èý³ô°€

º†̈À ›±ü†ó ì̄…Ž  ô ¬ì†ÿ ®ôŽ ‹±…ÿ ¬ô ðíõðú â³…°½ º~û …¶•.

{Ïýýò ì»©¿†– �éýí±

…ð~…²û|âý±ÿ ÖÏ†èý• ‹± …¶†¹ ô²ó|¶ñœþ �éýí± {õèý~ÿ ¬° ø± „²ì†ü¼

‹õ¬û …¶•.  º†̈À ›±ü†ó ì̄…Ž ‹† ô²ðú  gk|61/2 ¬° ¬ì†ÿ Co091 ìÇ†‹Ü

…¶}†ð~…°¬ 59-8321 D MTSA| ô ‹† ¬¶}ã†û wolF tleM raludoM

…ð~…²û|âý±ÿ º~. ¬ì†ÿ ®ôŽ ìÇ†‹Ü …¶}†ð~…°¬ 99-8143D MTSA| ‹†

¬¶}ã†û  CSD| ìÏýò º~.

ð}†ü� ô ‹¥™  |

›~ôë 3 …ÆçÎ†– ‹ú ¬¶• „ì~û ‹±…ÿ ÖÏ†èý• Þ†{†èý³ô°€ º†̈À

›±ü†ó ì̄…Ž  ô ¬ì†ÿ ®ôŽ °… ‹±…¶†¹ Æ±…¤þ „²ì†ü¼ Ö†Þ}õ°üê Þ†ìê

ð»†ó ìþ|¬ø~.

¬° ›~ôë 4 ìÛ~…° P)eulav-P(| ‹±…ÿ {í†ï ì}Óý±ø†ÿ ô…‹·}ú ¬°ž º~û

…¶•. …÷± ì}Óý±ø†ÿ ì·}Ûê ð·Œ• ìõèþ iT/lA€ ¬ì† ô Ö»†° ›³üþ

øý~°ôó́ ‹± �†¶ª|ø†ÿ ìõ°¬ ðË± ²ì†ðþ …² …øíý• ‹±̈õ°¬…° …¶• Þú

ìÛ~…° P| …² 50/0 Þí}± ‹†º~.  |

�†¶ª ¶Ç¦ ‹±…ÿ ÖÏ†èý• Þ†{†èý³ô°

ºßê 1 …÷± …¾éþ ì±‹õÉ ‹ú ø± Î†ìê °… ‹± ÖÏ†èý• Þ†{†èý³ô° ð»†ó ìþ|¬ø~.

…÷± …¾éþ€ ìÏ±Ù ìý³…ó {Óýý± ¬° �†¶ª ‹ú …²…ÿ {Óýý± ¬° Î†ìê ¶Ç¦ …¶•.

øí†ó|Æõ° Þú ì»©À …¶•€ ‹ý»}±üò …÷± ‹± ÖÏ†èý• Þ†{†èý³ô° ð†ºþ …²

{Óýý± ¶Ç¦ Ö»†° ›³üþ øý~°ôó́ ô Þí}±üò …÷± ì±‹õÉ ‹ú ¬ì†¶•. …üò

ðß}ú ‹ú ô¶ýéú ›~ôë ìÛ†¬ü± P| ðý³ {†‡üý~ ìþ|ºõ¬. øý~°ôó́ üßþ …²

ìùî|{±üò Îõ…ìê …ð}Û†ë ²ðœý± ¬° �éýí±º~ó …ôè×ýò|ø†¶•. üßþ …²

ìÏ}Œ±{±üò ¬æüê ‹±…ÿ Þ†ø¼ ¶±Î• �éýí±º~ó …{ýéò ô ¬° ð}ýœú Þ†ø¼

ÖÏ†èý• Þ†{†èý³ô° ‹ú ô¶ýéú øý~°ôó́ ‹† {»ßýê âõðú|ø†ÿ 5H2C-iT|

›ù•|ü†Ö}ú citsoga-| ìÇ†‹Ü ô…Þñ¼ )1( Ú†‹ê ‹ý†ó …¶• ]|21€4 [|: 

‹ú ¬èýê ²ü†¬ ‹õ¬ó ìÛ~…° ÷†‹• {Ï†¬ë€ ô…Þñ¼ )1( ‹ú ìÛ~…° ²ü†¬  ‹ú ¶í•

°…¶• ìýê ìþ|Þñ~.

âõðú {̃Œý• º~û citsoga-| ‹ú ô›õ¬ „ì~û Òý±ÖÏ†ë …¶•. ²ü±…€ ìß†ó

¨†èþ Þõõ̂°¬üñ†¶ýõðþ ‹±…ÿ …{ýéò ‹ú ô¶ýéú …{î øý~°ôó́ â±ôû ì}ýê

β

β

)C°(mT

IFM

)nim01/g(

ÖÏ†èý•

)hiTg/EPgk( 2HP )C°(T iT/lA

|631

331

531

531

431

531

631

731

731

531

631

431

531

731

531

631

50/0

50/0

36/0

54/0

59/0

28/0

02/5

06/9

90/0

90/0

33/0

04/0

38/0

53/0

04/4

08/6

|75/92

57/33

32/92

13/13

04/52

32/22

04/71

40/71

79/64

14/75

08/24

73/65

04/52

72/83

40/71

18/61

2|

2|

4|

4|

2|

2|

4|

4

06|

08|

06|

08|

06|

08|

06|

08

001|

001|

001|

001|

002|

002|

002|

002

›~ôë 3 -…ÆçÎ†– ‹ú ¬¶• „ì~û ‹±…ÿ ÖÏ†èý• Þ†{†èý³ô°€ º†̈À

›±ü†ó ì̄…Ž ô ¬ì†ÿ ®ôŽ.

)C°(mT

IFM

)nim01/g(

ÖÏ†èý•

)hiTg/EPgk(

ì}Óý±

603/0

137/0

304/0

012/0

785/0

305/0

728/0

882/0

100/0<

100/0<

834/0

753/0

100/0<

876/0

100/0<

900/0

100/0<

116/0

300/0

930/0

068/0

)1x(iT/lA

)2x(T

)3x(
2HP

2x-1x

3x-1x

3x-2x

3x2x1x

›~ôë 4 -ìÛ†¬ü± P| ‹±…ÿ {í†ï ì}Óý±ø†ÿ ô…‹·}ú.

)1(| 
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…ºÓ†ë º~û …¶•. ìÇ†‹Ü Æ±§ 1 øý~°ôó́ Æþ ô…Þñ¼ …ð}Û†ë ²ðœý± ‹†

÷†‹• H

tk| ìõ›� …üœ†¬ �ýõð~ø†ÿ H-iT| ìþ|ºõ¬ ô H-iT| ðý³ ‹† …{ýéò

{»ßýê âõðú 5H2C-iT{̃Œý• º~û citsoga-°… ìþ|¬ø~. øî|Ÿñýò€

â†øþ …üò âõðú Æþ ô…Þñ»þ ì»†‹ú ‹† ô…Þñ¼ ¤Ù̄ ‹}† ‹† ÷†‹•k| {œ³üú

ìþ|ºõ¬ ô …üœ†¬ �ýõð~ H-iT| ô üà ìõèßõë …{ýéò ìþ|Þñ~. øî Ÿñ†ó Þú

ì»©À …¶•€ ¬° …÷± ô…Þñ¼ âõðú|ø†ÿ {̃Œý• º~û 5H2C-iT‹†

øý~°ôó́ …{†ó „²…¬ ìþ|ºõ¬. ¬° ô…Þñ¼ …ð}Û†ë ²ðœý± ‹† …{ýéò ðý³ �ýõð~

5H2C-iT…üœ†¬ ìþ|ºõ¬.

…Ö³…ü¼ ð·Œ• ìõèþ iT/lA| ¶Œ� …Ö³…ü¼ ÖÏ†èý• Þ†{†èý³ô° ô ÖÏ†ë

º~ó {Ï~…¬ ‹ý»}± ì±…Þ³ Þ†{†èý³ô° ìþ|ºõ¬. ¬° ð†¤ýú ¬ì†ÿ 06 {† Co08 Þú

…² ðË± ¾ñÏ}þ ðý³ ìõ°¬ {õ›ú …¶•€ Þ†ø¼ ¶±Î• �éýí±º~ó ô ¬°

ð}ýœú ÖÏ†èý• Þ†{†èý³ô° ì»†ø~û ìþ|ºõ¬. …üò °Ö}†° ‹ú {©±ü�

‹±â»•|ð†�̄ü± ì±…Þ³ ÖÏ†ë ü† Þ†ø¼ …ð¥çë|�̄ü±ÿ ìõðõì± ¬° ¬ì†ø†ÿ

‹ý»}± ð·Œ• ¬…¬û º~û …¶• ]|31€4[|.

¬° ºßê 2 ‹±øî|Þñ¼ ‹ýò ø± ¬ô Î†ìê ì»†ø~û ìþ|ºõ¬. ‹±øî|Þñ¼

‹ýò ¬ô Î†ìê ìÏ±Ù ô…‹·}ãþ �†¶ª üà Î†ìê ¬° ¶Ç¦ ìõ°¬ ðË± ð·Œ•

‹ú ¶Çõ§ Îõ…ìê ¬üã± …¶• ]11[. øí†ó|Æõ° Þú ¬° ºßê|ø†ÿ 2 - Ž ô ž

¬ü~û ìþ|ºõ¬€ …÷± ‹±øî|Þñ¼ ¬ô{†üþ ð·Œ• ìõèþ iT/lA-| Ö»†° ›³üþ

øý~°ôó́ ô ¬ì† -Ö»†° ›³üþ øý~°ôó́ ‹± ÖÏ†èý• Þ†{†èý³ô° Ú†‹ê {õ›ú

…¶•€ …ì† ‹ýò ¬ì† ô ð·Œ• ìõèþ iT/lA‹±øî|Þñ»þ ô›õ¬ ð~…°¬. ¬°

Þ†{†èý³ô°ø†ÿ ²üãé± -ð†{† ìÛ~…° iT/lA| °ôÿ {†‡÷ý±�̄ü±ÿ Þ†{†èý³ô° ð·Œ•

‹ú øý~°ôó́ …÷± ìþ|â̄…°¬. øí†ó|Æõ° Þú ÚŒç â×}ú º~€ ‹† …Ö³…ü¼ ìÛ~…°

Þíà|Þ†{†èý³ô° ô ¬° ð}ýœú ìÛ~…° iT/lA€ ì±…Þ³ ‹ý»}±ÿ …² Þ†{†èý³ô°

„èßýê|¬…° ô …¤ý† ìþ|ºõð~. ‹ñ†‹±…üò€ {Ï~…¬ ì±…Þ³ ÖÏ†ë Þ†{†èý³ô° ‹ý»}±

β

β

ºßê  1 -…÷± …¾éþ ì±‹õÉ ‹ú Îõ…ìê |ð·Œ• ìõèþ iT/lA|€ ¬ì† ô Ö»†°

›³üþ øý~°ôó́ ‹± ÖÏ†èý• Þ†{†èý³ô°.

β

Æ±§  1- ¶†² ô Þ†° ¶ýñ}ýà ô…Þñ¼|ø†ÿ �éýí±º~ó …{ýéò]21[.

ºßê 2 -„÷†° ‹±øî|Þñ¼ ¬ô{†üþ ‹ýò Îõ…ìê ð·Œ• ìõèþ iT/lA€ ¬ì† ô

Ö»†° ›³üþ øý~°ôó́ ‹± ÖÏ†èý• Þ†{†èý³ô°.

)…èØ(

)Ž(

)ž(
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ìþ|ºõ¬. ‹~üò {±{ý�€ …÷± øý~°ôó́ ‹± Þ†ø¼ ÖÏ†èý• Þ†{†èý³ô° Þí}±

¨õ…ø~ ‹õ¬. …ð¥çë|�̄ü±ÿ øý~°ôó́ ¬° øã³…ó {¥• {†÷ý± {Óýý±…– ¬ì†

Ú±…° ìþ|âý±¬ ô ‹† …Ö³…ü¼ ¬ì† Þ†ø¼ ìþ|ü†‹~.

ºßê 3 ðíõ¬…°ø†ÿ �†¶ª ¶Ç¦ ÖÏ†èý• Þ†{†èý³ô° °… ¬° …÷± ¶ú  Î†ìê

ð»†ó ìþ|¬ø~. …ð¥ñ†ÿ ìõ›õ¬ ¬° ºßê|ø†ÿ 3- Ž ô ž {†‡üý~Þññ~û

‹±øî|Þñ¼ Úõÿ ‹ýò ¬ì† -Ö»†° ›³üþ øý~°ôó́ ô ð·Œ• ìõèþ iT/lA-|

Ö»†° ›³üþ øý~°ôó́ …¶•.  |

‹±…ÿ ‹ý†ó °…‹Çú ‹ýò Îõ…ìê ô �†¶ª …² ì~ë ìßÏŒþ 3 …¶}×†¬û º~û …¶•

]41€9[. ìÏ†¬èú )1( �†¶ª ¶Ç¦ °… ‹±…ÿ ÖÏ†èý• Þ†{†èý³ô° ‹ú ºßê {†‹Ïþ …²

ð·Œ• ìõèþ iT/lA)1x(|€ ¬ì† )2x( ô Ö»†° ›³üþ øý~°ôó́ )3x( ð»†ó

ìþ|¬ø~€ ‹ú Æõ°ÿ Þú ìÛ†¬ü± 1x|€ 2x| ô 3x| ‹ýò 1- ô 1 {Óýý± ìþ|Þñ~:

)1(3x1x54/4 - 3x18/8 - 2x526/3 - 1x5/5 + 421/23 = ytivitcaY

3x2x526/2 - 

‹† {õ›ú ‹ú …üò Þú ìÛ†¬ü± P)›~ôë 4( ‹±…ÿ ‹±øî|Þñ¼ 2x-1x| ô

3x-2x-1x| ‹³°å|{± …² 50/0 …¶•. ‹ñ†‹±…üò€ …÷± „ðù† °ôÿ ÖÏ†èý• ð†Ÿý³

…¶• ô ¬° ìÏ†¬èú )1( âñœ†ð~û ð»~û …¶•. ¬° ›~ôë 5 {¥éýê ô…°ü†ð̧

ì~ë ¬…¬û º~û ‹±…ÿ ÖÏ†èý• …°…̂ú º~û …¶•. ‹† {õ›ú ‹ú ìÛ~…° P€ ‹† ¤Ù̄

›íéú|ø†ÿ Òý±ìùî Î~ï ‹±…²½ )tif fo kcal(| ì±‹õÉ ‹ú ì~ë ðù†üþ ¬…°…ÿ

…øíý• ðý·•.

ìý±²…üþ ô øíß†°…ó ]51[ ‹† …¶}×†¬û …² °ô½ Æ±…¤þ „²ì†ü¼ Ö†Þ}õ°üê

Þ†ìê �ý¼|�éýí±º~ó …{ýéò ¬° Ö†² ¬ôÒ†‹þ °… ‹† …¶}×†¬û …² Þ†{†èý³ô°

2lCgM/4lCiT| ô Þíà|Þ†{†èý³ô° {±ÿ n- …Þ}ýê „èõìýñýî  )AOnT(|

‹±°¶þ Þ±¬ð~. „ðù† ‹† ¬° ðË± â±Ö}ò Îõ…ìê ¬ì†€ Ö»†° ›³üþ øý~°ôó́ ô

ð·Œ• ìõèþ iT/lA| ¬° ¬ô ¶Ç¦ ð}ýœú â±Ö}ñ~ Þú Î†ìê ìùî ¬° {Óýý±

ÖÏ†èý• Þ†{†èý³ô°€ ð·Œ• ìõèþ iT/lA| ô ‹±øî Þñ¼ Ö»†° ›³üþ

øý~°ôó́- ð·Œ• ìõèþ iT/lA| …¶• ô Ö»†° ›³üþ øý~°ôó́ …÷± ìùíþ

ð~…°¬. nissiK|]21[| ðý³  øý~°ôó́ °… Î†ìê ìùíþ ¬° Þ†ø¼ ÖÏ†èý•

Þ†{†èý³ô° ìþ|¬…ð~. ð}†ü� Þ†° Þñõðþ ðý³ ð»†ó|¬øñ~û ìùî ‹õ¬ó …÷± Ö»†°

›³üþ øý~°ôó́€ ‹±øî|Þñ¼|ø†ÿ Ö»†°›³üþ øý~°ôó́ - ð·Œ• ìõèþ

iT/lA| ô ¬ì†- Ö»†° ›³üþ øý~°ôó́ ‹± ÖÏ†èý• Þ†{†èý³ô° …¶•.

�†¶ª ¶Ç¦ ‹±…ÿ º†̈À ›±ü†ó ì̄…Ž  |

ºßê 4 …÷± …¾éþ ì±‹õÉ ‹ú ø± Î†ìê °… ‹± º†̈À ›±ü†ó ì̄…Ž ð»†ó

ìþ|¬ø~. øí†ó|Æõ° Þú ì»©À …¶•€ Ö»†° ›³üþ øý~°ôó́ ô ¬ì†

‹ý»}±üò …÷± °… ‹± º†̈À ›±ü†ó ì̄…Ž ¬…°¬. ìÇ†‹Ü ºßê|ø†ÿ 5 ô 6 …÷±
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