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Abstract The porous structure and surface acid–base

properties of sulfated zirconia, alumina and alumina–zirco-

nia applied in isobutylene alkylation were characterized

using a variety of physico-chemical methods. Catalytic

activity was related to catalyst physico-chemical properties.
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1 Introduction

Alkylation of butenes with alkanes results in high octane

alkylates with a high octane number (above 94) used for

both synthetic motor fuel production and for compounding

of low octane number gasoline [1–5]. A promising direc-

tion in the development of alkylation processes is the

transition from liquid-phase catalysts such as HF and

H2SO4 to heterogeneous catalysis thus avoiding problems

related to chemical corrosion of equipment, toxicity of

waste acids and their disposal.

Zeolites of various structures have been used for alky-

lation of butanes [6, 7], resulting, however, in low yields of

the desired products with high octane number or poor

catalyst stability.

For this purpose catalysts based on sulfated oxides of Zr,

Al, Si, Ti, Sn can be used [8–12], particularly sulfated

zirconia (SZr) and alumina–zirconia (AlSZr) compositions

exhibiting high activity in alkylation. However, the main

problem of a wider utilization of SZr- and AlSZr-catalysts

is their relatively fast deactivation during alkylation, which

is most often associated with such side reactions as for-

mation of high molecular mass hydrocarbons and coke.

These compounds block the pores preventing access to the

surface active sites. Therefore, a search for an advanced

technology and optimal structures of Zr-containing cata-

lysts with lower coking capacity is essential. In general

there is a lack of systematic data on the influence of the

catalyst synthesis parameters (temperature, time of thermal

treatment, mixing or impregnation sequence) on the mor-

phological properties of the catalysts, their acidity and

eventually activity and selectivity.

An important characteristics of the catalysts used in

alkylation of olefins and linked to catalytic performance is

their acidity. A very simple, yet reliable way of quantifying

catalyst acidity is to use Hammett acidity functions, which

despite the simplicity are still widely used for characteri-

zation of heterogeneous catalysts in general and in partic-

ular zirconia containing ones [13, 14].

Similar to the desired low Hammett acidity function

(Ho = -8…-11) for such homogeneous catalysts as HF

and H2SO4, for heterogeneous alkylation catalysts various

approaches (particularly sulfation of alumina and zirconia)

were applied to increase the concentration of Brønsted
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