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Reaction Mechanism of Ethylene Aromatization over HZSM-5 Zeolite:
From C4 to C6 Intermediates
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Abstract: The ONIOM2 (B3LYP/6-31G(d,p):UFF) method based on the 78T cluster model was used to study the reaction mechanism of C4
to C6 intermediates during the ethylene aromatization over HZSM-5 zeolite. The catalytic mechanism of acidic zeolite and the effect of zeo-
lite pore size on the shape selectivity for the products was discussed. The results indicated that the n-butoxide, which is the intermediate
product of ethylene dimmerization, reacted with ethylene to form n-hexane alkoxide, but it was difficult to carry out further cyclization be-
cause of the restriction of the pore size of ZSM-5 zeolite. However, along the stepwise pathways, n-butoxide was transformed into n-butene
through deprontonation and then reacted with ethylene to form 3-methylpentane alkoxide intermediate, which then formed methylcyclopen-
tane through cyclization and deprotonation. The methylcyclopentane released a hydrogen molecule by the aid of zeolite acidic proton and
formed the unstable methyl-cyclopentane carbonium, which then generated the cyclohexane carbonium through reconfiguration. The calcu-
lated activation energy was 158.42 kJ/mol for n-butoxide deprontonation, 130.71 kJ/mol for the oligomerization of 1-butene and ethylene,
and 122.06 kJ/mol for the cyclization of 3-methylpentane alkoxide. As a result of the confinement of zeolite pore, the five-member ringed
methylcyclopentane was formed as a crucial intermediate.

Key words: density functional theory; ethylene; aromatization; HZSM-5 zeolite; reaction mechanism; confinement effect
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Fig. 1. The ONIOM2 layer of the 78T model of HZSM-5. Balls and sticks represent the high layer and lines represent the low layer. (a) The model
viewed form the sinusoidal channel; (b) The model viewed from the straight channel.
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Fig. 3. Structure of n-hexane alkoxide in the pore of ZSM-5 zeolite.
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Fig. 2. The optimized structure of C6 intermediates. (a) n-Hexane alkoxide; (b) Cyclohexane cation; (c) Cyclohexoxide; (d) 3-Methylpentane alkox-

ide.
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Fig. 4. Structure of station states during deprotonation of butoxide (only high level atoms are shown). R: reactant; TS: transition state; P: product.
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Fig. 5. Structure of the station states during the reaction of butylene with ethylene at O1-H acid site of zeolite (only high level atoms are shown).
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Table 1 The geometric parameters of the station states during the
reaction of butylene with ethylene at the acid site O1-H of zeolite

R/nm A TS1 B TS2 C
O1-H1 0.0990 0.1545 — — —
H1-C1 0.2240 0.1099 — — —
H1-C2 0.2183 — — — —
C1-01 — — 0.1510 — —
C1-C2 0.1340 0.1545 0.1540 — —
C2-Cé6 0.6088 0.1569 — — —
C5-C6 0.1331 0.1443 0.1540 — —
C4-H4 — — 0.1137 0.1304 —
H4-02 — — — 0.1862 0.0967
C5-01 — 0.2023 — 0.2730 —
C4-C5 — — — — 0.1559
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Fig. 6. Energy profile for the reaction of butylene with ethylene at
acid site of zeolite (energy in kd/mol).
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Fig. 7. Structures of the station states during the dehydrogenation of zeolite- methylcyclopentane (only the high level atoms are shown).
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