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Description of the research project

Context

Nowadays, carbon dioxide emitted in the atmosphere is considered as an alternative
feedstock. CO, can be used to make fuels or fine chemicals thanks to the development of ever more
efficient catalysts but very few of them are able to work starting with low concentrations of CO,. Often,
CO; has to be captured before, usually through absorption processes with agueous amines that tend
to decompose upon repeating cycles [1]. Inorganic materials based on alkaline earth oxides or hybrid
materials involving amino propyl substituents with basic properties and high specific surface area
allowing CO, adsorption are highly desired. More interestingly, materials allowing both CO,
adsorption and its catalytic transformation would allow significant energy savings. In this work, we
will focus our attention on the valorization of carbon dioxide through its reaction with epoxides
(formation of cyclic carbonates) in liquid phase. A gas phase transformation, i.e. the conversion of
methane and carbon dioxide into carbon monoxide and dihydrogen (Dry Reforming of Methane
(DRM)) will also be envisaged through collaborative projects. In these different reactions, metals such
as Ni° (DRM) or Mn"" (CO; cycloaddition) will be involved for catalysis.

Background

While significant advances have been made in the synthesis of pure silica or silica doped with
hetero-elements (Al, Ti, etc.), reported textural properties of basic oxides (MgO, CaO, etc.) are much
lower [2]. In contrast, recent work has shown that mesoporous magnesium carbonate with very good
textural properties (Upsalite [3]) and even calcium carbonate can be easily synthesized. This has led us
to use those carbonates as precursors of basic mesoporous oxides after an appropriate decarbonation
heat treatment (CaCOs; — CaO + CO,). This approach, which avoids the use of porogen agents, was
tested in a preliminary work at the Laboratoire de Réactivité de Surface [4], thus allowing calcium oxide
with a specific surface area of around 15 m2.g?, a value which may appear low but which is, with no
optimization, higher than the average of the values listed in the literature. After nickel incorporation
during the synthesis of the calcium carbonate precursor, the resulting material, Ni@CaO, proved to be
a particularly efficient catalyst in the dry reforming reaction of methane. Basic sites in that reaction
are helpful to reduce side reactions such as coke formation.

Generally, the activity of heterogeneous catalysts is very dependent on the preparation of
well-dispersed metallic nano-phases. A very promising approach to control the size of supported metal
nanoparticles relies on the preparation of colloidal suspensions, ideally in water, and then on their
deposition onto an inorganic carrier [5]. This synthesis strategy is unfortunately not applicable in the
case of zero-valent non-noble metals, such as nickel, cobalt and
iron, unless colloidal suspensions prepared in an organic medium
are used. Recently, still in the case of Ni, we have shown that
colloidal nickel(ll) carbonate or hydroxycarbonate can help to
overcome the instability of nickel(0) nanoparticles in water [6].
Once deposited on a silica support (Figure), these colloidal
particles were thermally converted into nickel oxide or nickel
phyllosilicate (Ni"@SiO,) and then, with dihydrogen, into metallic
nickel without losing the initial control of the particles size, thus
leading to Ni@SiO; catalysts more active in the dry reforming of
methane than those resulting from a simple impregnation of silica
with nickel(ll) salts.

Aim of the project

On the basis of those previous experiences, we propose, within the framework of this PhD
project, to study more systematically the use of mesoporous or nanometric carbonates for the
synthesis of heterogeneous catalysts. The challenges to be faced concern the characterization of the



species at the different steps of synthesis, the control of the conditions of the thermal conversion of
carbonate supports (MgC0Os, CaCOs) into oxide supports or carbonate colloidal particles (MgCQOs,
CaCOs, NiCOs, CoCOs, ...) into oxide or metallic nanoparticles, the choice of the stabilizing agents for
the synthesis of colloidal carbonates or hydroxycarbonates.

Ni(l1) will be introduced and reduced in the case of the DRM catalyst while, for the activation
of the epoxides, Mn(lll) will be kept in its oxidation state, thus affording the Lewis acid sites required.
In this approach, no external halides (Lewis bases), usually employed for the ring opening of the
epoxide in the CO; cycloaddition, will be involved. Instead, we will count here on nucleophilic species
such as the surface carbonates obtained by the interaction of CO, with the basic oxide. Indeed, we
earlier showed, in homogeneous conditions, that soluble hydrogenocarbonates can replace non-
environmentally friendly halides [7]. Surface amino propyl functions are also expected to be useful
candidates for CO; adsorption through the formation of carbamates, also able to induce the ring
opening of epoxides [8]. Both approaches will be compared.

About the candidate

This thesis topic mainly requires skills in inorganic chemistry and physicochemical
characterization methods. We are looking for a candidate who is motivated by catalysis and has a basic
knowledge in organic chemistry. He/she will be trained to the synthesis of inorganic porous materials,
their routine characterization (N> physisorption, XRD, TEM, TGA, ... ) as well as catalysis tests under
pressure and their analytical control by GC-MS.
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