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1. Description du projet / Description of the project

Hydroxyapatite (HAp) is a well-known calcium phosphate (Ca10PO4)s(OH)2 found in biomaterials, being
the major mineral component of bones and teeth,' and also in the sedimentary phosphate deposits formed
over time from marine animal skeletons. Close examination of these eco-compatible materials reveals a
variability of textural properties (morphologies and specific surface areas) and compositions associated
with the incorporation of defects. For example, biological apatites are enriched in carbonates, while
natural apatites exhibit a wide range of colours, reflecting the particular ability of their structure to trap
metals from water runoff. Mimicking these geochemical processes, synthetic apatites prepared by
precipitation are original sorbents used in industry for the remediation of contaminants from wastewater
and soils.>* HAps are also attractive multifunctional catalysts that uniquely combine both intrinsic acid-
base properties,* which can be tuned by controlling the defects (cationic and anionic vacancies, HPO4*,
COs%, NO5) induced by the conditions of the precipitation process,> and redox properties provided by

* min. 5 mois, maximum 6 mois a partir du 27 janv 2025 / min. 5 months and max. 6 months not
earlier than January, 27th 2025.

Fin des conventions de stage au plus tard le 15/07/2025 ou le 15/09/2025 et le 15 novembre 2025.
End of internship at the latest July 52, 2025 or September. 15, 2025 and 15 November, 2025.
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the incorporation of transition metals (M). M can be introduced by one-pot coprecipitation leading to
solid solutions (Caio--M"(PO4)s(OH)) or by exchanging the surface calcium cations of HAp for metallic
cations (geo-inspired approach).® The combination of the acid-base properties of Haps together with the
(de)hydrogenation ability of Co and Ni makes this system very promising for the conversion of bioethanol
into high value-added products such as n-butanol, an efficient gasoline additive,’ and/or butadiene for the
production of green tyres.® Indeed, this cascade reaction network follows a succession of steps catalysed
by basic (or dehydrogenating), acid-base, and hydrogenation and acidic functions.

The aim of the internship is to prepare hydroxyapatite and metal modified hydroxyapatite to be tested
for the bio-ethanol upgrading. HAps will be obtained by precipitation by controlling finely the influence
of the operating parameters (pH, order and rate addition of Ca and P precursors, temperature) using an
automated Mettler Toledo reactor. As calcium nitrate is often used as a calcium source, traces of nitrates
have been detected by infrared spectroscopy, but it is not yet documented how these impurities affect the
acid-base balance and the metal immobilisation process. Particular attention will be paid to the washing
and calcination steps to reduce the impact of nitrates. The Ca(OH), precursor will also be used in the
synthesis as a Ca nitrate precursor alternative. M?>* (Co, Ni) will be incorporated considering
coprecipitation (bulk and surface modification) and deposition in excess of solution and impregnation
approaches (surface modification). We will attempt to evaluate the influence of the immobilisation
process on the thermal evolution of M?" species under air or reducing atmosphere, paying attention to the
final speciation and dispersion of the metal. The synergistic effect between the acid-base properties of
hydroxyapatite and the M?* or M° functions on the conversion and selectivity of the ethanol conversion
network will be discussed using a structure-reactivity relationship approach.

2. Techniques ou méthodes utilisées / Specific techniques or methods

The controlled precipitation of the HAp and M-modified HAps will be achieved using an Automated
Mettler Toledo reactor. Post metal immobilization will be achieved by cationic exchange and by
impregnation methods in the excess of solution.

Structural characterizations will be based on XRD, Infra-red and Raman data; the morphology of HAp
particles and M° nanoparticle size will be characterized by electron microscopy (SEM, TEM), while
specific surface areas will be measured by N2 sorption; the elemental composition of HAps will be
determined by ICP, the reduction temperature of M?* cations will be investigated by temperature
programmed reduction (H2-TPR). The surface properties of M-HAps will be characterized by combining
XPS and NO-TPD, acid-base properties will be evaluated by the model gas phase conversion of 2-
methylbut-3-yn-2-ol and the performance of the prepared catalysts will be tested in the of ethanol
conversion to n-butanol and butadiene.
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