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Abstract

In this study, an amorphous silica was functionalized with aminosilane, N-[(3-trimethoxysilyl)propyl]ethylenediamine (2NS)
and the late transition metal catalysts including ((DME)NiBr; and PdCl,(COD)) were subsequently immobilized on the func-
tionalized amorphous silica for norbornene polymerization. Effects of the polymerization temperature, polymerization time,
AlNi molar ratio, and type of co-catalyst on norbornene polymerization were investigated. Unsupported late transition metal
catalysts did not show any activities for norbornene polymerization. However, the SiO,/2NS/Ni catayst with MAO system,
with increasing polymerization temperature, increased the polymerization activity and decreased the molecular weight of the
polynorbornene (PNB). Furthermore, the catalyst when increasing polymerization temperature caused the decrease in both the
polymerization activity and molecular weight of PNB. This confirmed that the stability of SiO,/2NS/Ni at a high temperature
was greater than that of SiO»/2NS/Pd. Also the longer polymerization time resulted in the higher conversion of norbornene
for both catalysts. When the Al : Ni molar ratio was 1000 : 1, the highest activity (15.3 kg-PNB/ (umol-Ni*hr)) but lowest
molecular weight (M, = 124,000 g/mol) of PNB were achieved. Also SiO»/2NS/Ni catalyst with borate/TEAL resulted in di-
minishing the polymerization activity and molecular weight of PNB with increasing the polymerization temperature.
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Table 1. Polymerization of Norbomene Using SiO»/2NS/Ni (or Pd) with MAO"
Catalysts MAO Time Teump. Polym. Act GPC
(mmol) (hr) () (8 M, (x 10% M, (x 10  PDI
(DME)NiBr,’ 3 2 30 0.00 0.0 - - -
3 2 -20 1.42 8.2 81.1 84.6 2.7
3 2 0 1.62 9.3 - - -
3 2 30 1.96 113 22.5 40.5 1.8
3 2 50 2.10 12.1 8.3 18.3 2.2
3 2 70 2.15 12.4 4.8 14.6 3.1
Si0»/2NS/Ni* 3 2 90 2.26 13.0 2.6 9.8 3.8
10 2 30 2.66 153 124 22.1 1.8
1 2 30 0.82 4.7 22.9 47.0 2.1
3 0.5 30 1.23 7.1 - - -
3 1 30 1.37 7.9 - - -
3 4 30 2.03 11.7 - - -
PdCL(COD)’ 3 2 30 0.00 0.0 - - -
3 2 30 1.77 12.3 - - -
3 2 50 1.57 10.9 7.1 6.6 2.2
3 2 70 1.54 10.7 1.7 22 39
Si0»/2NS/Pd® 3 2 920 1.47 10.2 1.0 1.5 29
3 0.5 30 1.36 9.4 - - -
3 1 30 1.51 10.5 - - -
3 4 30 2.04 14.1

*polymerization conditions :
bpolymerization conditions :
“unit = kg-PNB/(umol-Mt*hr)
“Ni content 0.29 mmol/g-cat.
°Pd content 0.24 mmol/g-cat.
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catalyst = 300 mg, norbornene = 5 g, total volume = 25 mL.
(DME)NiBr,, PdCL(COD) = 20 umol; norbornene = 5 g (solution in toluene); total volume = 25 mL.
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Table 2. Polymerization of Norbomene Using SiO»/2NS/Ni (or Pd) with Borate/TEAL'

Catalyst : Borate. : TEAL Time Teemp. Polym. Act GPC
molar ratio (hr) (0 (8 M, (x 10% M, (x 10"  PDI
2 -20 1.90 10.9 1.5 14.2 2.2
2 0 1.82 10.5 - - -
1:3:50 2 30 1.62 9.3 11.2 10.8 3.0
(SiO»/2NS/Ni%) 2 50 142 8.2 i, - _
2 70 1.23 7.1 3.2 6.0 5.2
2 90 1.28 1.4 - - -
1:3:50 2 0 0.00 0.0 - - -
(Si02/2NS/Pd*) 2 30 0.00 0.0 ; - -

* Polymerization conditions : catalyst = 300 mg, cat. : borate : TEAL = 1 : 3 : 50, total volume = 25 mL.

® unit = kg-PNB/(umol-Mt*hr)
 Ni content 0.35 mmol/g-cat.
4 Pd content 0.24 mmol/g-cat.
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Figure 1. Scheme of in-situ synthesis of immobilized catalyst inside the nano pore[10].
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Figure 2. Effect of polymerization temperature on polymerization
activity of catalysts.
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Figure 4. Effect of polymerization time on polymerization conversion
of SiO/2NS/Ni and SiO,/2NS/Pd with MAO.
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Figure 5. Effect of polymerization temperature on polymerization

activity of SiO»/2NS/Ni with different cocatalysts.
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