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For several decades, it has been known that ozone emissions are harmful to humans, plants, and animals. Heterogeneous catalytic decomposition is
an efficient process for removing ozone from air. This study examines the effect of the zeolite's framework and pore width on efficiency for
decomposing gaseous ozone. Four highly hydrophobic zeolites are used: a large cavity zeolite (Faujasite/H-FAU), amediumpore zeolite with parallel
channel (Mordenite/H-MOR), and twomediumpore zeolites with interconnected channels (H-ZSM-5/H-MFI andNa-ZSM-5/Na-MFI). Experiments
were conducted in fixed-bed flow reactors loadedwith zeolite at ambient conditions (20 8C and 101 kPa). Zeolite surfaces were analyzed during the
experiments in order to understand the influence of physical and chemical surface properties on the ozone decomposition mechanism. A higher
amount of ozone is eliminated using H-MOR, compared with the zeolite samples H-FAU, H-MFI, and Na-MFI. Pore width andmicropore framework
size distribution (channel and cages) appear to be key factors. A narrow channel or cage, slightly larger than the ozone molecule size, seems to
promote ozone interactions with Lewis acid sites. Fourier transform infrared spectroscopy shows that Lewis acid sites (LAS), located on the walls of
zeolite pores, decompose ozone. This leads to the formation of atomic oxygen species that could react with another ozone molecule to form
dioxygen. Hence, LAS are regenerated, ready to decompose another ozone molecule once more.
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INTRODUCTION

Numerous toxic molecules deteriorate ambient air quality.
One of them is ozone, which is known to have harmful
effects on human health, living organisms, and the

environment.[1,2] Ozone is present in the contaminated air of
urban areas, acting as a secondary pollutant, as well as in working
environments, mainly due to the use of photocopiers and laser
printers. Ozone is also a strong oxidant widely used in wastewater
treatment, air purification, and sterilization of waste.[3] During
such processes, the concentration of residual ozone in exhaust
streams is generally much higher than the value recommended by
the Word Health Organization.[4]

In order to meet air quality standards, local abatement systems
have to be implemented to eliminate residual ozone. To remove
this pollutant, decomposition using solid microporous materials
has been identified as effective.[5–7] Several authors have shown
interesting removal efficiencies when activated carbons are used
to decompose gaseous ozone. However, a degradation of activated
carbon structure has also been proven.[5,8,9] Hence, materials that
are more resistant have to be found. Metal oxides such as
manganese or silver oxides have been reported to be very efficient
in ozone decomposition.[4,9] Nevertheless, the performances of
such materials are strongly limited due to their low active surface.
A combination of both high specific surface and high catalytic
properties are necessary to destroy ozone. Aluminosilicates could
be good alternative materials, as they have high specific surfaces
and are resistant toward ozone attacks.

Recently, some studies reported the interest of using micropo-
rous zeolites as supports for metal oxide catalysts.[10–17] However,
there is very little information on the decomposition of gaseous

ozone by pure zeolites without any metal oxide deposit. The
efficiency of ozone decomposition largely depends on the physico-
chemical properties of the materials. It has been found that high
silica zeolites have the ability to adsorb gaseous ozone.[18] Several
works show the key role played by the surface acid sites.[5,7,19–21]

The contribution of Brønsted and Lewis acid sites has been
investigated for the decomposition of ozone. Valdés et al.[21]

claimed that adsorption of ozone could occur at strong and weak
Lewis acid sites. Other studies[7,19,20] have suggested that ozone
decomposition only operates on strong Lewis acid sites, with a
similar mechanism reported for aluminium oxide material.[22] In
specific cases of zeolites having been subjected to a dealumination
step, the decomposition of zeolite can also be attributed to silanol
groups.[18,23]

There are 206 registered unique zeolite frameworks with
different geometric parameters and compositions.[24] Hence, the
most influential physical and chemical properties of zeolites
towards ozone decomposition should be identified. The effects of
microporous andmesoporous materials such as H-Beta andMCM-
41 on ozone elimination have been reported.[11] However, there
are still some doubts related to the influence of zeolite framework
on ozone removal. This study aims to understand the influence of
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physical and chemical surface properties of high silica zeolites on
ozone decomposition mechanism. Four synthetic hydrophobic
zeolites with three different kinds of framework and chemical
composition are selected. The following questions are addressed:
what is the role of pore size and framework structure? Do acidic
sites play the same role for all kind of zeolites?

MATERIALS AND METHODS

Materials

Four hydrophobic zeolites with different framework structures
are studied: a Mordenite type (H-MOR from Tosoh), a Faujasite
type (H-FAU from Tosoh), and two ZSM-5 types (MFI from
zeochem and Tosoh). ZSM-5 zeolites present different content of
compensating cations (Na-MFI and H-MFI) and SiO2/Al2O3

ratios. Zeolite samples were received as pellets. For some

experiments, zeolite pellets were ground and sieved at the same
particle size (0.300–0.425 mm). In others, they were used in
their original form and size. A thermal out-gassing procedure
was applied to all zeolites. They were thermally out-gassed at
500 8C for 6 h, prior to ozone decomposition experiments.
Figure 1 illustrates schematic representations of zeolite

frameworks used in this study. Zeolite frameworks are composed
of channels and cages. The micropore structure of mordenite
type zeolite consists of 12-membered straight channels and
apertures of 0.65 � 0.7 nm with the presence of side pockets
(0.26 � 0.57 nm).[25] Faujasite type zeolite consists of cubic-
octahedrons called sodalite cages.[25] The assembly of sodalite
cages linked together gives 1.3 nm diameter supercages inter-
connected with pore apertures of 0.74 nm diameter. ZSM-5
exhibits a three-dimensional pore network, which has a
10-membered [oxygen] ring system. Its framework contains two
perpendicularly intersecting channel systems 0.53 � 0.56 nm
and 0.51 � 0.55 nm in size, respectively. Intersections are

Figure 1. Schematic representations of zeolite structures (on the left)[27,28] and topologies (on the right):[29] (a) H-MOR, (b) H-FAU, and (c) ZSM-5. In the
topologic schemes, spherical forms represent cage structure, cylinder forms stand for channel structure, and red atoms are oxygen molecules.
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