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When the Swedish mineralogist Axel F. Cronstedt (1722–1765) described the previously
unknown mineral group of hydrous framework silicates for the first time in 1756 [1,2],
he could not have imagined the exemplary development that this mineral class, which
he called “Zeolite”, would undergo over the following centuries. After the synthesis of
zeolites on a technical scale became possible in the middle of the 20th century, based
on systematic investigations by Richard M. Barrer (1910–1996) [3], the actual triumphant
march of zeolites began. Today, they are used extremely widely as effective ion exchangers,
adsorbents and catalysts in numerous branches of industry [4]. The first use of zeolite
catalysts occurred 65 years ago, when researchers from Union Carbide Corp. tested zeolite
Y as an isomerization catalyst. Over the past decades, progress in zeolite synthesis has
enabled the discovery of new zeolite types, allowing for the development of new catalytic
processes in petrochemical industries [5]. Moreover, new tools for zeolite modification have
allowed for additional applications of zeolite-based catalysts in the field of environmental
catalysis [6,7]. The development of new mesoporous and micro/mesoporous or zeolite-like
materials, such as metal–organic frameworks or intergrowth zeolites, as well as progress in
computational chemistry and solid-state characterization techniques, have shown that the
potential of ordered pore materials is still far from exhausted [8–10]. This is demonstrated
by the papers in this Special Issue, “Catalysis on Zeolites and Zeolite-like Materials”, in
which the latest developments and recent advances in the synthesis, characterization and
application of zeolites or zeolite-like materials as catalysts are presented by renowned
scientists. A total of eleven contributions have been published in this Special Issue, which
are listed below under contribution 1 to contribution 10 and presented here in summary.

In their study, Zhang et al. (contribution 1) described the preparation of the hy-
drocracking catalysts by kneading and extruding the mixture of 10 wt.-% of industrially
modified Y zeolites with a hierarchical structure, commercial alumina, nickel nitrate, and
molybdenum oxide. The obtained bifunctional catalysts were characterized using XRD, N2
adsorption–desorption, SEM, TEM, 27Al-/29Si-NMR, in situ pyridine-FTIR, and NH3-TPD
techniques. Finally, the catalysts were further investigated during the hydrocracking of
the light diesel oil under different temperatures. It was found that even a small amount of
specifically modified Y zeolite in the hydrocracking catalyst plays a key role, resulting in the
selective hydrogenation of naphthalene and further ring-opening activity. The mesoporous
structure of the zeolites provided an effective interface and improved the accessibility of
acid sites to bulky reactants.

Li et al. (contribution 2) investigated the hierarchical high-silica USY zeolites with
different micro-/mesoporous structures and Si/Al ratios in the catalytic cracking of methyl-
cyclohexane to reveal the synergistic effects of acid sites and porous structures (“active
region”). Indeed, as the catalytic results showed, the USY zeolites used had increased
numbers of accessibly strong Brønsted acid sites and greatly enhanced diffusion ability
due to the hierarchical pore structure, resulting in mainly monomolecular, protolytic ring-
opening cracking and less bimolecular hydrogen transfer. In addition, zeolite acidity has
been shown to influence the selectivity of cracking products: the increased acid strength
can enhance the reactivity of heptane and heptene from the primary ring-opening, as well
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as the β-scission from the C–H bond cleavage, resulting in fewer C7 products and more
i-C4 and C3 products.

Chapellière et al. (contribution 3) synthesized a series of HY zeolites with increasing
mesopore volume, characterized by various physical–chemical methods, and tested them
for n-hexane cracking. The generation of mesoporosity influenced several other important
parameters, such as the surface acidity and the formation of extra-framework aluminum.
The catalytic cracking of n-hexane at different temperatures, coupled with kinetic analysis,
proved to be a valuable tool to study the acidity of zeolites. The fact that n-hexane cracking
proceeds through protolytic cracking over a wide range of operating conditions allows the
use of the analytical form of the first-order rate equation. The rate equation contains three
catalytic descriptors: the change in acid strength (deprotonation energy), the number of
Brønsted acid sites, and the porosity through the effectiveness factor η.

Jaroszewska et al. (contribution 4) reported on the hydroisomerization of n-heptane
using bifunctional Pt(Pd) catalysts supported on hierarchical Al-SBA-15/zeolite composites
(where zeolite is ß, mordenite or ZSM-5). All the catalysts were prepared by the extrusion
of the mixture of powdered AlSBA-15/zeolite material with a binder (i.e., 20 wt.-% of
boehmite), followed by impregnation with metal components (0.5 wt.-%). The compos-
ites showed higher activity in isomerization compared to Pt/AlSBA-15. The enhanced
isomerization efficiency was explained by the appropriate metallic and acidic functions,
as well as suitable transport properties. Combining Pt and Pd led to a notable synergetic
effect, which exceeded that of the additive contribution of Pt and Pd in the metallic phase.
Over bimetallic Pt-Pd/AlSBA-15–β, the high yields of isomers (68 wt.-%) were observed,
compared to 50 wt.-% for a control catalyst.

The conversion of different biogenic feedstocks to hydrocarbons is a major challenge
when ensuring hydrocarbon and fuel supply despite the heterogeneity of this feed. In their
study, Gille et al. (contribution 5) used different oxygenate model feeds, such as alcohols,
aldehydes, carboxylic acids and esters, which were converted at 500 ◦C and 5 barg H2 using
H-ZSM-5 zeolite catalysts with various Si/Al ratios to identify the relationship between
the feed structure and the final product distribution. In conclusion, for all oxygenates,
after deoxygenation, an initial olefin distribution forms, which is typical for the respective
carbon chain length and type of the functional group. This olefinic backbone is converted
in a subsequent reaction network, as described in the hydrocarbon pool concept for alcohol
conversion. The particular novelty of the findings is the systematic extension of the concept
to other feedstocks with oxygen-containing functional groups in biomass conversion.

Nadolny et al. (contribution 6) investigated the influence of remaining acid sites in
Ni-containing aluminosilicates on the formation of highly octene isomers in the hetero-
geneously catalyzed oligomerization of n-butene. In this study, it was shown that some
octene isomers are exclusively formed via an acid-catalyzed mechanism as a result of
methyl group migration at the surface of a mesoporous catalyst. Specifically, the isomers
4,4-dimethylhexene (4,4-DMH) and 3-ethyl-2-methylpentene (3E-2MP) exhibit a systematic
correlation compared to the amount of 3,4-dimethylhexene (3,4-DMH) formed at acid sites.
By using this aluminosilicate for oligomerization after impregnation with a nickel precursor,
the amount of 4,4-DMH and/or 3E-2MP indicates the extent of acid site coverage by nickel
ions. As a result, predictions can be made about the further catalyst activity in industrial
operation.

The following study by Han et al. (contribution 7) concerns Cu-exchanged mordenite
zeolites for the selective oxidation of methane to methanol. The focus is on investigating the
effects of Al distribution on methane oxidation over these zeolite catalysts, which provide
an effective way to detect the difference in activity between mononuclear and polynuclear
Cu-oxo species. It was shown that the Cu-oxo clusters derived from the Al pair sites were
more reactive than the CuOH species grafted onto the isolated Al sites, which is consistent
with on-site spectroscopic characterization in the ultraviolet and visible ranges and density
functional theory calculations. Further theoretical analysis of the first C–H bond cleavage
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in methane on these Cu-oxo species revealed that the stabilization of the methyl group
formed was the predominant factor in determining the reactivity of methane oxidation.

Kohler et al. (contribution 8) investigated the catalytic effectiveness of Sn-Beta ze-
olite in the conversion of lignocellulosic biomass-derived glucose and xylose into lactic
and levulinic acid. The reactions were carried out in a batch reactor using water as the
solvent. When biomass-derived sugar solutions were tested, the yields of lactic acid were
significantly higher than those from the optimized model solution experiments. These
biomass-derived sugar solutions contained residual levels of CaSO4 from the neutralization
step of the hydrolysis process. Through further investigations, it was found that the sulfate
ions increased the Brønsted basicity and the calcium increased the Lewis acidity of the
reaction solution, and that the combination of both effects increased the conversion of the
original sugars into lactic acid. These effects were verified by testing other organic bases to
isolate the Brønsted acid neutralization effect and the Lewis acid enhancement effect.

Knoevenagel condensation is a special case of aldol condensation and one of the most
established carbon coupling reactions for the synthesis of fine chemicals and biologically
active substances [11]. Grass et al. (contribution 9) conducted a comparative study of the
catalytic activity of layer-like zeolite X from three different synthesis routes in a liquid-
phase Knoevenagel condensation of benzaldehyde and ethyl cyanoacetate to ethyl trans-
α-cyanocinnamic acid. It was shown that the charge-balancing cations (Na+ and K+) and
the morphological properties had a strong influence on the apparent reaction rate and
degree of conversion. The highest initial reaction rate could be found for the layer-like
zeolite X synthesized by the additive-free route in the potassium form. In most cases, the
potassium-exchanged zeolites enabled higher maximum conversions and higher reaction
rates compared to the zeolite X catalysts in sodium form.

SAPO-34 molecular sieves have excellent form selection and controllability in the
chemical industry, as well as being one of the best industrial catalysts for converting
methanol to olefin [12]. Han et al. (contribution 10) described a new route to the ionothermal
synthesis of triclinic SAPO-34. The results show that the formation mechanism of the
hierarchical pores is in accordance with Ostwald ripening theory, and the accumulation
of grains constitutes the existence of mesopores and macropores. The crystallization
temperature, ionic liquid type, and organic amines can effectively change the morphology
and crystallinity of the SAPO-34 molecular sieve. A lower crystallization temperature is
beneficial for the formation of flaky crystals, while a higher crystallization temperature
is beneficial for the generation of large-size cubic crystals. In addition, it can be proven
through NMR and TG analyses that ionic liquids and organic amines can be used together
as structure-directing agents.
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