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Figure 1 Preparation process of S-9 catalyst
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Figure 2 Cage cluster model structure of S-9 catalyst

Atom color: Hydrogen (white) ; carbon (gray); oxygen (red); silicon (yellow); chromium (blue)
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Figure 3 Relative Gibbs free energy of metallacycle mechanism
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Figure 4 Relative Gibbs free energy of oxachromacycle mechanism
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Figure 5 Relative Gibbs free energy of chroma-Cp-cycle mechanism
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Mechanistic Study of Ethylene Polymerization over Silica-supported
Chromocene Catalyst

QIN Yong-hong, JIN Yu-long. LIU Bo-ping”
(Key Laboratory for Biobased Materials and Energy of Ministry of Education, College of Material and
Energy, South China Agricultural University , Guangzhou 510642, China)

Abstract: Chromocene supported by silica is a traditional industrial ethylene polymerization catalyst that does not
require aluminum alkyl cocatalyst, however, its initiating mechanism for ethylene polymerization remains unclear up to
now. The feasibility of metallacycle and oxachromacycle mechanisms suggested in literatures, as well as the chroma-Cp-
cycle mechanism which was firstly proposed in this work were systematically investigated by DFT method. It was found
that chain initiation could be achieved with a relatively low barrier (ca. 24.9kcal/mol) in the metallacycle mechanism,
which was consistent with the experiment results. However, because of the large steric effect of the metallacycle, the
subsequent propagation would be very slow due to the high insertion barrier (ca. 31kcal/mol). For the oxachromacycle
mechanism, both the initiation and insertion barriers were very high, and the bonding between Cr and silica support would
be impaired by C,H, insertion, which made this mechanism nearly impossible. With respect to the chroma-Cp-cycle
mechanism, the energy for cyclopentadienyl slippage to weaken its coordination with Cr center is very high, making the
initiation barrier as high as 37. 3kcal/mol, which contradicted with the fast initiation nature of S-9 catalyst. Nevertheless,
the low barrier (ca. 20kcal/mol) for insertion ensured a fast propagation, which was in agreement with experimental
observations. In this work, molecular simulation methods are used to study three possible initiation mechanisms including
metallacycle mechanism, oxachromacycle mechanism and chroma-Cp-cycle mechanism for S-9 catalyst, which gave a
relatively deep understanding on this catalyst under a molecular level.

Key words:S-9 Catalyst; Polyethylene; Density functional theory; Polymerization mechanism; Spin cross
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