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ABSTRACT

Nanodiamonds (NDs) are recognized as a class of robust metal-free catalysts for the steam-free, direct
dehydrogenation (DDH) of ethylbenzene (EB) to styrene (ST). In spite of that, some main drawbacks,
such as their powdery form along with their tendency to form aggregates, limit their full exploitation
at the industrial level. In this work, we describe the preparation of macroscopically shaped monoliths
consisting of silicon carbide-based foams coated with a nitrogen-rich mesoporous carbon matrix (NMC)
as a non-innocent glue for highly dispersed ND fillers. The NMC phase is prepared from cheap and non-
toxic food-grade components and it prevents the undesired NDs agglomeration thus maximizing the
reagents exposure throughout the catalytic DDH tests. Moreover, the NMC phase represents a key source
of surface basicity capable of inhibiting the occurrence of EB cracking side reactions during the catalytic
runs. As a result, the ND@NMC/SiC composite shows excellent dehydrogenation performance already at
low ND loading if compared with the powdery NDs and/or the SiC-supported NDs of the state-of-the-art.
Noteworthy, the ND@NMC/SiC composite presents its best catalytic performance under DDH conditions
close to those used in industrial plants (reaction temperture up to 600 °C and EB concentrations up to 10
vol.%) with high ST rates (Aar, 0f 9.9 mmolst geae ! h~1), ST selectivity over 96% and long term stability

on stream.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction

sium [4,5]. Nowadays, about 85% of the ST worldwide production
is realized by means of these catalysts, which typically operate

Styrene (ST) is mainly produced by the gas-phase direct dehy-
drogenation (DDH) of ethylbenzene (EB) [1-3]. The most widely
employed catalyst for such reaction is a low surface area iron-based
oxide promoted with different elements such as alumina or potas-
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under high temperatures (ranging from 580 to 630°C). The iron-
based catalysts are cheap and they can ensure relatively high ST
selectivity in the process. However, these metal-based catalysts
list a number of serious disadvantages that significantly limit their
catalytic performance, e.g. the drastic deactivation/passivation of
their metal active sites due to the rapid generation of “coke”
deposits. To overcome this problem, a large amount of steam is
generally co-feeded in the reactor with heavy energy wastes, esti-
mated to be around 1.5 x 10° cal per ton of ST produced, together
with large amounts of waste water containing traces of hydrocar-
bons which need to be purified before being discharged. Moreover,



