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Abstract

Three amorphous silicas and SBA-15 were employed as supports, which were capable of confining ionic liquid (IL) and metallocene
in the nanopore. Ionic liquid functionalized silica was prepared by the interaction between the chloride anions of 1,3-bis(cyano-
methyl)imidazolium chloride and the surface OH groups. Metallocene and methylaluminoxane (MAO) were subsequently immobilized
on the ionic liquid functionalized silica for ethylene polymerization. The metallocene supported on ionic liquid functionalized XPO-2412
and XPO-2410 having a larger pore diameter compared to SBA-15 showed higher activity than that of using supported catalyst without
ionic liquid functionalization. However, the activity of metallocene supported on SBA-15 decreased after ionic liquid functionalization,
suggesting that the diffusion of ethylene monomer and cocatalyst to the active site of nanopore was restricted during ethylene
polymerization. This could be resulted from significant reduction of the pore diameter due to the immobilization of ionic liquid and
(n-BuCp),ZrCl, and MAO. The effect on polymerization activity in accordance with the concentration of hydroxyl groups on the surface
was also investigated. The polymerization activity increased as the concentration of hydroxyl groups on amorphous silica increased.
The polymerization activities of metallocene supported on silica showed the similar trend after ionic liquid functionalization.
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Figure 1. SEM/EDX Mapping images of surface functionalized silica
with ionic liquid.
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Table 1. BET Analysis of Supports
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Supports Surfacze area Pore v}olume Pore diameter 1L contept N contept
(m’/g) (cm’/g) (nm) (mmol/g-Si0s) (mmol/g-Si0»)
XPO-2412 581 1.9 12.9 - -
XPO-2412/CY-IM-Cl1 572 1.8 12.8 0.14 0.56
XPO-2410 261 1.5 23.0 - -
SP-948 259 1.7 26.1 - -
SBA-15 769 1.1 6.0 - -

Table 2. Results on Ethylene Polymerization by Supported Metallocene Catalysts and ICP Analysis of Supported Metallocene Catalysts”

Supportc IL PE Activity Zr content Al content
PP (2) (kg-PE/(g-cat*hr)) (umol/g-cat) (mmol/g-cat)
XP0O-2410 27.6 0.345 36.1 4.6
XP0O-2412 N 522 0.653 53.9 6.1
o
SP-948 114 0.143 17.5 32
SBA-15 67.2 0.840 55.7 8.3
XP0O-2410 34.1 0.426 18.8 4.1
XPO-2412 68.4 0.855 314 4.9
CY-IM-ClL
SP-948 12.5 0.156 26.1 3.7
SBA-15 36.7 0.459 34.6 35
“Polymerization conditions : Cat. = 80 mg, TEAL = 1 mmol, Hexane = 280 mL, T = 70 C, P = 7 bar.
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Figure 4. Activity in ethylene polymerization and Zr, Al content of
SiOy/(n-BuCp),ZxCl, with respect to the surface area.
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Table 3. Results on Ethylene Polymerization by Supported Metallocene and ICP Analysis of Supported Metallocenes as Function of Silica

Calcination Tempemtuneb

Calcinationn temperature IL PE Activity Zr content Al content
() (g) (kg-PE/(g-cat*hr)) (umol/g-cat) (mmol/g-cat)
400 20.2 0.253 31.7 4.0
600 No 11.4 0.143 17.5 32
750 8.7 0.109 27.4 4.5
400 18.3 0.229 35.4 4.5
600 CY-IM-CI 12.5 0.156 26.1 3.7
750 9.1 0.114 30.0 4.5

hPolymerization conditions : Cat. = 80 mg, TEAL = 1 mmol, Hexane = 280 mL, T = 70 C, P = 7 bar.
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Figure 7. FI-IR spectra of silica with respect to the calcination
temperature.
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Figure 8. Effect of silica calcination temperature on polymerization
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