
Preparation of Anchored Metallocene
Complexes on Dehydroxylated Silica and
Their Use in the Polymerization of Ethylene

Bun Yeoul Lee* and Jae Seung Oh*

LG Chemical Ltd./Research Park, 104-1, Moonji-dong,
Yusung-gu, Taejon 305-380, Korea

Received December 6, 1999

Organometallic compounds including group IV met-
allocenes have received great attention from both aca-
demic and industrial laboratories as single-site catalysts
for the polymerization of olefins.1 Such homogeneous
catalysts should be immobilized on solid support in
order to use in slurry or gas-phase process, in which
the morphology and the bulk density of the polymer
particles are of importance. Reactor fouling, a phenom-
enon where polymer sticks to reactor walls and agitator
blades, should be avoided by supporting the catalyst.
Among the various ways of the immobilization of
homogeneous metallocene catalysts,2 one of the most
promising methods is by the reaction between a func-
tional group of the metallocene compounds and another
functional group on solid surface.3,4 The supported
catalysts so prepared are normally used for the polym-
erization with cocatalyst methylaluminoxane (MAO) in
solution.

When silica is employed as a support, the surface
hydroxyl group has been used frequently for anchoring
but causes some decomposition of the metallocene.
Later it was shown that a strained siloxane group
generated by dehydroxylation over 900 K could react
with alkoxysilane groups.5 Such reactivity of dehy-
droxylated silica was utilized for anchoring the metal-
locene complex having a trimethylsilyloxy group, but the
synthetic yields of the complexes having such a labile
group were too low for commercial application.4 We also
showed that catalyst decomposition was reduced by
decreasing the residual hydroxyl group of the dehy-
droxylated silica.6 We envisaged that such electron-
deficient strained siloxane sites might be as reactive as
trimethylsilyl iodide,7 which is an efficient reagent for
cleaving acetals, ketals, or tert-butyl ethers. Then met-
allocene complexes containing a tert-butyl ether func-
tionality could be anchored on silica by a simple reaction
(eq 1).

Metallocene complexes having acetal, ketal, or tert-
butyl ether groups as a substituent on the cyclopenta-
dienyl ring were easily synthesized from 6-chlorohex-
anol (eq 2).8 Compound 1, having a very acid-labile
ketal group, is so unstable that it cannot be stored,
and the metalation yield was below 30%. For com-

pounds 2-5,the metalation yields were quite good
(76-92%).

The anchored metallocene catalysts were prepared by
the reaction of compounds 1-5 (0.10 g) with dehydroxy-
lated silica9 (1.0 g) in hexane (30 mL) at 85 °C for 3 h.
HCl was not detected during the anchoring reaction.
Nothing was detected in solution, indicating that all
metallocene complexes added were immobilized on solid
surface. The anchored catalysts rarely leached out upon
activation with MAO.10 Table 1 shows the activities of
ethylene polymerization11 of the anchored catalysts and
the properties of polymers obtained. For comparison,
immobilized catalysts were prepared according to the
same procedure from [2-EtOCH2CH2-O-(CH2)6-C5H4]2-
ZrCl2, 6,8 which has relatively acid-stable primary ether
group, and bis(n-butylcyclopentadienyl)zirconium dichlo-
ride, 7.

The morphologies and bulk densities of the polymer
particles obtained form the anchored catalysts 1-5 were
quite acceptable for the hexane-slurry commercial pro-
cess.12 No reactor fouling was observed. In the case of
immobilized catalysts 6 and 7, however, severe fouling
occurred, and the morphology and bulk density were not
desirable. Figure 1 shows the optical microscope picture
of anchored catalyst and polymer particles. Figure 2
shows the polymer particle size distribution derived
from the well-anchored catalyst 5. In general, the
morphology of the polymer particles resembles that of
the supported catalysts when the activated catalyst does
not leach out during the polymerization. Consequently,
the bulk density of the polymer is high. The good
morphologies and high bulk densities of the polymer
particles from anchored catalysts 1-5 suggest that the
immobilization took place adequately by the reaction
proposed in eq 1. However, in the cases of 6 and 7, the
activated catalyst leached out, giving poor morphology
and reactor fouling. The molecular weights (Mw) of the
polymers obtained from the anchored catalyst 1-5 were
within the same range (220 000-250 000), but those
from 6 and 7 were quite different (377 000 and 290 000,

Table 1. Ethylene Polymerization Data of the Anchored
Catalysts

catalyst
activity

(kg/(g-cat h))
bulk density

(g/mL) Mw (×103) Mw/Mn

1 0.70 0.36 248 2.5
2 0.80 0.38 240 2.4
3 0.79 0.37 234 2.5
4 0.53 0.39 241 2.5
5 1.01 0.36 226 2.6
6a 0.07 0.08 377 2.6
7a 0.51 0.04 290 2.5

a Reactor fouling occurred.
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respectively). The ethylene polymerization activities of
the well-anchored catalysts (1-5) were quite good while
the supported catalysts of 6 and 7 gave rather low
activities. The activity reached up to 1.01 kg/(g-cat h)
or 6.8 × 105 g/(mol h bar) in the case of the anchored
catalyst 5.

To determine whether the reaction proposed in eq 1
has actually taken place, a model reaction was devised.
Neat tert-butyl decyl ether reacted with dehydroxylated
silica9 at 90 °C for 2 h to give modified silica (6.3%
carbon content, 0.38 mmol/g). A slight higher carbon
content of 7.03% (0.45 mmol/g) was obtained at the same
condition using decyl trimethylsilyl ether. While tert-
butyl decyl ether was intact with a basic ethanol
solution (1 N KOH), decyl alcohol leached out from the
silica modified with tert-butyl decyl ether.13 This sug-
gests that the carbon-oxygen bond in tert-butyl decyl
ether was certainly cleaved by the reaction with the
dehydroxylated silica (eq 3). As predicted from the bad
morphology of the polymer particles in the case of
anchored catalyst 6, primary ethers such as dibutyl
ether barely reacted with the dehydroxylated silica
(0.6% of carbon content (0.06 mmol/g) observed under
similar conditions).

In conclusion, the novel reactivity of dehydroxylated
silica toward the acid-labile acetal, ketal, or tert-butyl

ether group has been elucidated. This reactivity of
dehydroxylated silica can be applied to the preparation
of commercially acceptable immobilized metallocene
catalysts. The immobilized catalysts, activated with
MAO, gave the polymer in the presence of ethylene with
suitable bulk densities and polydispersities.
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Figure 1. Microscope images of the anchored catalyst 5 (A,
×100) and the polymer particles obtained from anchored
catalyst 5 (B, ×40), 6 (C, ×40), and 7 (D, ×40).

Figure 2. Particle size distribution of the polymer particles
obtained from anchored catalyst 5.
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