INTERNATIONAL SYMPOSIUM “THE ENVIRONMENT AND THE INDUSTRY”,
E-SIMI 2021, BOOK OF ABSTRACTS

DOI: http://doi.org/10.21698/simi.2021.ab07

METHANE COMBUSTION OVER HIGHLY EFFECTIVE COBALT-
PROMOTED COPPER-CERIUM-BASED LDH-DERIVED
MIXED OXIDES CATALYSTS

Hussein Mahdi S. Al-Aanit, Mihaela M. Trandafir?, loana Fechete®, Lucia N. Leonat?,
Mihaela Badea*, Catalin Negrila?, lonel Popescu®, Mihaela Florea?, 1oan-Cezar Marcu®®

*Laboratory of Chemical Technology and Catalysis, Department of Organic Chemistry,
Biochemistry and

Catalysis, Faculty of Chemistry, University of Bucharest, 4-12, Blv. Regina Elisabeta, 030018
Bucharest, ioancezar.marcu@chimie.unibuc.ro, Romania

National Institute of Materials Physics, 405A Atomistilor Street, 077125 Magurele,
mihaela.florea@infim.ro, Romania

3International Center for CVD Innovation-Nogent, Pole Technologique Sud Champagne,
Université de Troyes-Antenne de Nogent, 26, rue Lavoisier, 52800 Nogent,
ioana.fechete@uitt.fr, France

“Department of Inorganic Chemistry, Faculty of Chemistry, University of Bucharest, 90-92
Panduri Str., 050663 Bucharest, e_m_badea@yahoo.com, Romania

SResearch Center for Catalysts and Catalytic Processes, Faculty of Chemistry, University of
Bucharest, 4-12 Blv Regina Elisabeta, 030018 Bucharest, ipopescu_unibuc@yahoo.com,
Romania

Keywords: layered double hydroxides, methane combustion, mixed oxide catalysts,
synergistic interaction, transition metals

Introduction

The most effective and commonly used method for the elimination of volatile
organic compounds (VOC) from the low-concentration gas streams is their catalytic
complete oxidation. However, three-fourths of the catalysts used are based on noble
metals that, in spite of their high activity, have some disadvantages such as sintering
and volatility at elevated temperatures, high sensitivity to poisoning and high price.
Therefore, much effort is done to find highly active oxide-based catalysts to replace
the noble metals in this process, which are cheaper and easier to prepare and have
higher thermal stability and resistance to poisoning. In this work, the promoting
effect of cobalt on the catalytic performance of a series of Co(x)CuCeMgAIO mixed
oxides obtained from layered double hydroxide (LDH) precursors in the complete
oxidation of methane, a test reaction for VOC abatement, was studied.

Materials and methods

The Co-promoted mixed oxide catalysts were obtained by the calcination at 750 °C
of their corresponding Co(x)CuCeMgAI-LDH precursors prepared by
coprecipitation, with x = 1, 3, 6 and 9 % Co, 15 % Cu, 10 % Ce (at. % with respect
to cations) and with Mg/Al atomic ratio of 3. The catalysts were characterized using
a battery of techniques, such as XRD, TG-DTG-DTA, TEM, SEM-EDX, XPS, DR-
UV-Vis, N2 adsorption/desorption and Hz-TPR. Then, they were tested in the
complete oxidation of methane in a fixed bed quartz tube down-flow reactor at
atmospheric pressure using a feed gas of 1 % CHa in air with a gas hourly space
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velocity of 16,000 h! in the temperature range from 300 to 650 °C. The reactants
and product gases were analyzed on-line by gas chromatography. The carbon
balance was satisfactory in all runs to within +2 %.

Results and conclusions

The catalyst precursors consisted of well-crystallized LDH phase together with
poorly crystallized boehmite AIOOH side phase, while the calcined oxides consisted
of periclase-like Mg (Al, Co, Cu) O mixed oxide, CeO: fluorite, and CuO tenorite
phases, the segregation of the latter phase going increasingly with the Co content.
The mixed oxide catalysts were mesoporous materials with surface areas lower than
that of the parent CuCeMgAIO mixed oxide (120 m? g1), in the range from 66 to
70 m? g*. Unexpectedly, the hydrogen consumption in the TPR experiments did not
increase with increasing the Co content, following the order: Co(1)CuCeMgAIO <
Co(9) < Co(6) < Co(3). This suggests that the transition-metal species were
decorated with non-reducible Mg(AI)O mixed oxide, which diminished the
accessibility of hydrogen, in line with both the XRD analysis and the UV-VIS
spectroscopy data showing that the cobalt cations were homogeneously dispersed in
the Mg(AI)O periclase-like phase.

The cobalt content strongly influenced, in a complex manner, the catalytic activity
of the Co(x)CuCeMgAIO catalysts (Figure 1), which, in terms of both Tso and Teo
and specific and intrinsic rates, followed the order: CuCeMgAIO <
Co(1)CuCeMgAIO < Co(9) < Co(6) < Co(3). Notably, for the most active
Co(3)CuCeMgAIO catalyst the Tso value was 25 °C lower than that of the
unpromoted CuCeMgAIO system and only 19 °C higher than that of a reference
Pd/Al2Os catalyst tested in similar conditions. Moreover, this Co-promoted catalytic
system was shown to have a good stability at 520 °C for 60 h on stream (Figure 2).
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Fig. 1. The light-off curves. Fig. 2. The stability test.

The catalytic activity in this series was shown to increase with increasing of both the
Co*, Cu?*, and Ce* surface concentrations and the catalyst reducibility. This
demonstrates that a synergistic interaction between these species is a key factor
controlling their catalytic behavior in the complete oxidation of methane. Thus, the
enhanced catalytic activity of the Co(3)CuCeMgAIO system was attributed to an
excellent Cu-Co-Ce synergistic interaction.
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