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1. Description du projet / Description of the project 

Highly selective catalytic materials are essential for increasing atom economy and reducing the 
carbon footprint of industrial processes, contributing to greener chemistry. Additionally, the 
substitution of critical metals, particularly noble metals, is a significant scientific, environmental, and 
geopolitical challenge in the development of such sustainable processes [1]. Transition metal carbide 
(TMC) catalysts, primarily based on molybdenum (Mo) or tungsten (W), present attractive 
alternatives due to their abundance, affordability, and the coexistence of metallic and acidic/oxophilic 
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functionalities from readily available metals [2]. Interest in TMCs was sparked in the 1980s when 
Boudart discovered that metal carbides exhibit catalytic properties similar to platinum-group metals 
[3]. The coexistence of metallic and acidic functionalities in TMCs makes them especially promising 
for selective hydrogenolysis and hydrogenation, as the oxygen content can simultaneously inhibit 
the metallic function and enhance the acidic character [4]. Hence, the metal-acid bifunctionality of 
TMCs can be tuned through oxygen modification due to the inherent oxophilicity of these materials. 
As a result, TMCs are highly versatile catalysts, ranging from monofunctional (either metallic or 
acidic) to bifunctional (metallic-acidic), depending on the synthesis method and/or reaction 
conditions  

The main objective of the internship is to design innovative supported carbide bimetallic 
heterogeneous catalysts from purely base metals (Mo, W) with optimized metallic and oxophilic 
properties, as well as nanoscale proximities, for selective hydrogenolysis/hydrogenation. The 
bifunctional metallic and oxophilic properties of carbides will be fine-tuned through bimetallic Mo-
W carbide formulations, where tungsten oxides (WOₓ) or oxycarbides (WOₓCᵧ) will impart 
oxophilicity to the metallic molybdenum carbide. Comprehensive characterization techniques will 
be employed to establish the structure-activity relationship of the prepared catalyst materials. 

 
2. Techniques ou méthodes utilisées / Specific techniques or methods 

In the first step, catalysts will be synthesized using both conventional temperature-
programmed reduction (TPR) and more advanced sol-gel-based methods. The synthesized catalysts 
will be characterized using various techniques, including X-ray diffraction (XRD), high-resolution 
transmission electron microscopy (HRTEM), X-ray photoelectron spectroscopy (XPS), inductively 
coupled plasma optical emission spectroscopy (ICP-OES), X-ray fluorescence (XRF), N₂ 
physisorption, CO and NH₃ chemisorption, mass spectrometry, thermogravimetric analysis (TGA), 
point of zero charge (PZC) measurements. The catalytic performance of the synthesized materials 
will be evaluated through selective hydrogenation of acetylene, simulating the front-end 
purification process of alkene streams. 
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