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Aim of the project

In the field of bio-sourced molecule valorisation, heterogeneous catalysis faces new challenges to find efficient
catalysts in the conversion of oxygenated molecules (alcohols, esters...), requiring surface properties of
materials as basicity [1], which were little studied in the field of petroleum chemistry. Transesterification
reactions are involved in several potential applications, including biodiesel production from triglycerides or
preparation of monomers from lactones derived from levulinic acid. If it is usually admitted that basic properties
are required for these reactions, it appears that the base strength is not a key parameter as moderate bases
also lead to a good activity. Moreover, deactivation of the catalyst is an important drawback, either because of
leaching in the liquid phase or by adsorption of by products at the catalyst surface. These results may be
understood considering that the active sites are acid-base pairs that can deprotonate the alcohol and activate
the ester. Nevertheless, the acidic character may explain the production of carboxylic acids that are usually
pointed out as the main deactivation factor. In line with our preliminary work [2 - 4] on a simple model reaction
of transesterification (ethyl acetate methanolysis) either in liquid or gas phase and with our knowledge on
basicity characterization, we aim to optimize, by tuning their acido-basic properties, the conversion, selectivity
and stability of a series of metallic silicates, in the methanolysis of esters exhibiting different carbon chains
(ethyl acetate, ethyl laurate and y-valerolactone). Metallic silicates are described as potentially active catalysts
in these reactions [5 - 7] and offer the possibility to vary the metallic cation so to modify the acido-basic
properties. They are cheap and can be obtained by a green chemistry of controlled co-precipitation in aqueous
solution. To achieve our goals, mastery of the synthesis processes of catalytic materials is essential, to give
series of materials of same chemical nature, but with different surface properties.
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Methodology

To screen different metallic cations thus to vary the acido-basic properties of the associated silicates, their
hydrophilic/hydrophobic character and their solubility in methanol, we selected Mg2+, Ca2+, Zn2+ then Ti4+
and Zr4+on the basis of our preliminary work and on literature data.

Our methodology will consist in establishing the relationships between process parameters, particle structure,
surface chemical properties, catalytic activity and stability.

1) The co-precipitation process will guarantee the local homogeneity of the product by ensuring a priori
constant pH in the mixing zone. Symmetrization of the addition of the reactive solutions according to the
double jet batch or continuous processes with a micro-mixer will ensure the control of the precursor mixture,
as already shown by one of us on other systems [8, 9].

2) The physico-chemical characterisation of the particles will aim to provide data on one or more
physico-chemical or dimensional descriptors: particle composition (global by X-ray fluorescence but also local
by EDX to check the homogeneity of the precipitate), characteristic dimensions of the particles and
agglomerates (TEM, SEM, DLS...), structure (XRD...), specific surface area and pore size distribution (N2
adsorption isotherms), surface chemical groups (29Si and 1H MAS NMR, Infrared, Raman, XPS).

3) Catalytic activity tests of transesterification of the different esters by reaction with methanol will give the
descriptor(s) "activity" and “stability” (endpoints). The comparison between gas and liquid processes will be
made when possible (ethyl-acetate and y-valerolactone) as the mechanism of the reaction may differ with the
operating conditions. In the case of y-valerolactone, the kinetics of the reaction will be investigated to tune the
selectivity towards the 3-methyl-pentenoate isomer, precursor in the synthesis of nylon.
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