
Journal of Catalysis 352 (2017) 75–82
Contents lists available at ScienceDirect

Journal of Catalysis

journal homepage: www.elsevier .com/locate / jcat
Alkylation of benzene with ethylene in the presence of
dimethyldichlorosilane
http://dx.doi.org/10.1016/j.jcat.2017.05.004
0021-9517/� 2017 Elsevier Inc. All rights reserved.

⇑ Corresponding author.
E-mail address: guschin.p@mail.ru (P.A. Gushchin).
P.A. Gushchin a,⇑, I.M. Kolesnikov a, V.A. Vinokurov a, E.V. Ivanov a, V.A. Lyubimenko a, V.N. Borshch b

aDepartment of Physical and Colloid Chemistry, Gubkin Russian State University of Oil and Gas (National Research University), 119991 Moscow, Russia
b Institute of Structural Macrokinetics and Materials Science, Russian Academy of Sciences, 142432 Moscow region, Chernogolovka, Russia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 26 December 2016
Revised 6 May 2017
Accepted 9 May 2017

Keywords:
Kinetics
Alkylation
Ethylene
Benzene
Ethylbenzene
Mechanism
Distillation
The kinetics of the alkylation of benzene with ethylene in the presence of dimethyldichlorosilane
(DMDCS) are studied and a kinetic equation for this homogeneous irreversible reaction of the second
order is created. The circulation of the DMDCS catalyst does not reduce its initial activity in relation to
the formation of ethylbenzene and diethylbenzenes. The presence of moisture in the initial
C6H6 + C2H4 + DMDCS mixture reduces the catalyst activity. The dehydration of the starting mixture by
removal of moisture from benzene was carried out using an azeotropic distillation. A reaction mechanism
for the benzene alkylation with ethylene in the presence of DMDCS is formulated based on the general-
ized quantum-chemical principle and the theory of groups. The participation of DMDCS in the process of
hydrocarbon conversion is confirmed experimentally and theoretically for the first time.
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1. Introduction

Ethylbenzene (ETB) is a product that is manufactured in excess
of several million tons per year. It is used for the production of
styrene, its polymers and copolymers, as well as chlorine- and
oxygen-containing compounds, and other products [1]. Scientists
worldwide have carried out research aimed at the improvement
of the production process of ETB through the development of
new catalysts and technologies for the alkylation of benzene with
ethylene.

The industrial alkylation process of benzene with ethylene, out-
lined in 1877 by the studies of Friedel, Crafts, and Gustavson, is
conducted on polyalkylbenzene in the presence of an aluminum
chloride complex.

Approximately 50% of ethylbenzene is produced in the presence
of the Al2Cl6�nArR complex. This technology has been implemented
and described in articles and monographs by several research
groups [1–5].

An important direction of the work of both research groups and
educational institutions is the development of effective aluminosil-
icate zeolites as catalysts for benzene alkylation [6,7].
The number of scientific publications reflects the great deal of
research work that has been performed on the alkylation of ben-
zene with ethylene in the presence of homogeneous and heteroge-
neous catalytic systems [8–22].

The investigation of the alkylation of benzene with ethylene
over the faujasite zeolite by the ONIOMmethod has been described
[8]. Beta, MCM-22, USY-1, and USY-2 zeolites have been shown to
efficiently activate the C6H6 and C2H4 molecules for the alkylation
of benzene with ethylene in the liquid phase, under pressure and at
low temperatures [9]. It has been established that the zeolite activ-
ity increases in the order MCM-22 > Beta > USY-1 > USY-2 [18].

In another study, the usage of tablets of clay mixed with alu-
minum oxide as active catalyst has been described [10].

It has also been established that the reasonable processing of
the zeolites MCM-49 and MCM-22 in a 0.025 N sodium hydroxide
solution increases the selectivity of the catalyst to ETB up to 97% at
P = 3.5 MPa and T = 493 K in the liquid phase [11].

In another reports, the authors postulated that the weak and
strong catalytic centers of the MCM-56 zeolite might participate
in the catalytic alkylation process [12,13].

The zeolite b exhibits an enhanced catalytic activity [14]. The
zeolite MCM-49 possesses a high selectivity, and a correlation
has been found between the activity and the content of the
Brønsted centers on the zeolite surface and in its lattice [15].

The oxidative alkylation of benzene with ethylene is effective
over the ZSM-5 zeolite. [16]. The ETB selectivity in the liquid phase
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