'Physique et Chimie des Matériaux' — ED 397 — annee 2021

PhD project for funding, to send to
nadine.witkowski@sorbonne-universite.fr under PDF form « acronyme labo_nom PI.pdf »

Research unit (full name + acronym) : Laboratoire de Réactivité de Surface - LRS
Team if applicable : Ingénierie des Surfaces Nanostructurées et Fonctionnelles

Address : ) , . . .

Campus Pierre et Marie Curie - 4, place Jussieu - 75254 Paris Cedex 05
Project leader (PI): Prof. F. LAUNAY HDR? yes Position : Lecturer SU
Tel D1 44 27 58 75 email : franck.launay@sorbonne-universite.fr
Nber of phD under supervision 0.5 Participation to supervisor training? no Year
Co-supervisor : HDR?select Position : select
Tel email :

Research unit :
International co-supervision ? No

Keyword 1: Carbonates transformation Keyword 2 : Heterogeneous catalysis

Keyword 3 : Carbon dioxide valorization Keyword 4 : Colloids

Select co-funding programme if applicable : select

Project title :  Nano-structured carbonates for the production of basic and/or metallic supported catalysts

Project Description :

The activity of heterogeneous catalysts is very dependent on the dispersion of the active phases on the
support, which ideally requires the preparation of nano-phases and the use of inorganic supports with large
specific surface areas for their deposition.

Regarding the supports, significant advances have been made for pure silica or silica doped with
hetero-elements (Al, Ti, etc.). However, this is far from being the case for other oxides, particularly basic
oxides (MgO, CaO, etc.) whose applications in catalysis are increasing in the context of carbon dioxide
valorization, as the result of their great capacity to concentrate carbon dioxide [1]. Conversely, recent work has
shown that it is possible to synthesize mesoporous magnesium carbonate with very good textural properties
(Upsalite [2]) and even calcium carbonate, leading to the idea of using the latter as precursors of basic
mesoporous oxides after an appropriate decarbonation heat treatment. This approach, which avoids structure
directing agents, has been the focus of preliminary work at the LRS [3], thus allowing us to obtain calcium
oxide with a specific surface area of around 15 m2.g-1, a value which may appear low but which is higher than
the average of the values listed in the literature, with no optimization. After nickel incorporation, the resulting
material proved to be a particularly efficient catalyst in the dry reforming reaction of methane, i.e. the
conversion of methane and carbon dioxide (two greenhouse gases) into carbon monoxide and dihydrogen
(synthesis gas).
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Regarding the active nano-phases, one of the most efficient approaches to control the size of supported
metal nanoparticles in heterogeneous catalysts is to prepare colloidal suspensions of the latter, ideally in
water, and then to perform the deposition of the colloids onto a support [4]. This synthesis strategy is
unfortunately not applicable in the case of non-noble metals, with more certain feedstocks, such as nickel,
cobalt and iron, unless colloidal suspensions prepared in an organic medium are used. Recently, we have
shown that colloidal nickel(ll) carbonate or hydroxycarbonate can overcome the instability of nickel(0)
nanoparticles in an aqueous medium [5]. Once deposited on a silica support (Figure below), these colloidal
particles were thermally converted into nickel oxide and then into metallic nickel without losing control of the
size, thus giving access to catalysts more active in the dry reforming of methane than those resulting from a
simple impregnation of the support with nickel(ll) salts.

On the basis of these two reports, we propose, within the framework of this PhD project, to study more
systematically these approaches for the synthesis of heterogeneous catalysts involving mesoporous or
nanometric carbonates. The challenges to be faced concern the characterization of the species at the
different stages of synthesis, the control of the conditions of the thermal conversion of carbonate supports
(MgCQO3, CaCO3) into oxide supports or carbonate nanoparticles (MgCO3, CaCO3, NiCO3, CoCOg3, ...) into
oxide or metallic nanoparticles, the choice of the stabilizing agents for the synthesis of colloidal carbonates or
hydroxycarbonates. The hosting team will validate the synthesized materials through catalytic tests in the
liquid phase (valorization of carbon dioxide through its reaction with epoxides (formation of cyclic carbonates)
or its reduction into formates) or in the gas phase (dry reforming of methane) through collaborative projects.

This thesis topic mainly requires basic skills in materials synthesis and characterization.
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	Text1: The activity of heterogeneous catalysts is very dependent on the dispersion of the active phases on the support, which ideally requires the preparation of nano-phases and the use of inorganic supports with large specific surface areas for their deposition. 


Regarding the supports, significant advances have been made for pure silica or silica doped with hetero-elements (Al, Ti, etc.). However, this is far from being the case for other oxides, particularly basic oxides (MgO, CaO, etc.) whose applications in catalysis are increasing in the context of carbon dioxide valorization, as the result of their great capacity to concentrate carbon dioxide [1]. Conversely, recent work has shown that it is possible to synthesize mesoporous magnesium carbonate with very good textural properties (Upsalite [2]) and even calcium carbonate, leading to the idea of using the latter as precursors of basic mesoporous oxides after an appropriate decarbonation heat treatment. This approach, which avoids structure directing agents, has been the focus of preliminary work at the LRS [3], thus allowing us to obtain calcium oxide with a specific surface area of around 15 m2.g-1, a value which may appear low but which is higher than the average of the values listed in the literature, with no optimization. After nickel incorporation, the resulting material proved to be a particularly efficient catalyst in the dry reforming reaction of methane, i.e. the conversion of methane and carbon dioxide (two greenhouse gases) into carbon monoxide and dihydrogen (synthesis gas).
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	Text2: Regarding the active nano-phases, one of the most efficient approaches to control the size of supported metal nanoparticles in heterogeneous catalysts is to prepare colloidal suspensions of the latter, ideally in water, and then to perform the deposition of the colloids onto a support [4]. This synthesis strategy is unfortunately not applicable in the case of non-noble metals, with more certain feedstocks, such as nickel, cobalt and iron, unless colloidal suspensions prepared in an organic medium are used. Recently, we have shown that colloidal nickel(II) carbonate or hydroxycarbonate can overcome the instability of nickel(0) nanoparticles in an aqueous medium [5]. Once deposited on a silica support (Figure below), these colloidal particles were thermally converted into nickel oxide and then into metallic nickel without losing control of the size, thus giving access to catalysts more active in the dry reforming of methane than those resulting from a simple impregnation of the support with nickel(II) salts.

On the basis of these two reports, we propose, within the framework of this PhD project, to study more systematically these approaches for the synthesis of heterogeneous catalysts involving mesoporous or nanometric carbonates. The challenges to be faced concern the characterization of the species at the different stages of synthesis, the control of the conditions of the thermal conversion of carbonate supports (MgCO3, CaCO3) into oxide supports or carbonate nanoparticles (MgCO3, CaCO3, NiCO3, CoCO3, ...) into oxide or metallic nanoparticles, the choice of the stabilizing agents for the synthesis of colloidal carbonates or hydroxycarbonates. The hosting team will validate the synthesized materials through catalytic tests in the liquid phase (valorization of carbon dioxide through its reaction with epoxides (formation of cyclic carbonates) or its reduction into formates) or in the gas phase (dry reforming of methane) through collaborative projects.

This thesis topic mainly requires basic skills in materials synthesis and characterization.  
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