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Projet scientifique du stage (1 à 2 pages) / Internship scientific Project (1 to 2 pages):  
 
1. Contexte de l’étude / Background 

Hydrogen has surged as a vital fuel in the transition towards sustainable energy solutions. Currently, it 
is mainly produced through the reforming of hydrocarbons, which typically yields syngas, a mixture of 
H2 and carbon monoxide (CO). The production of pure CO- free hydrogen, from syngas is mainly 
achieved industrially with the water-gas shift reaction (WGSR, CO + H2O → H2 + CO2). Therefore, the 
development of efficient catalysts for this reaction is crucial.[1] Recently, Ni-based catalysts have been 
investigated as an alternative to traditional Fe-Cr catalysts, owing to their increased activity and lack of 
Cr-related toxicity. However, their H2 selectivity is sometimes limited by CH4 formation along with 
catalyst deactivation caused by metal sintering and coke formation. To overcome these drawbacks, 
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several approaches have been explored. In particular, the introduction of a secondary metal to form an 
alloy has proven effective in modifying the surface strain and electronic properties of catalysts, thereby 
enhancing their activity. [2] 
In addition, redox-exsolution has emerged as a promising method for synthesising catalytically active 

supported metals. The process consists in the emergence (exsolution) of nanoparticles (NPs) directly 
from the bulk of the support. Transition metal ions are incorporated as B-site dopants of a perovskite 
lattice (ABO3) during the synthesis step. Metal exsolution is then triggered by a high-temperature 
reduction step, which compensates for lattice destabilisation caused by oxygen-vacancy formation. Size 
and population of the exsolved NPs depend on the reduction conditions, and it has been shown that 
these exsolved NPs present strong interactions with the perovskite support. This strong anchoring 
promotes the resistance of the metal NPs to both agglomeration and coke formation.[3]  
Therefore, redox-exsolution seems to be a promising route for the development of novel catalysts for 
the WGS reaction. In particular, it has been shown that exsolved Ni metallic NPs are more active and 
stable than commercial Fe-Cr catalysts. [4]  
 
2. Description du projet / Description of the project 

The objective of the project is to develop metallic and bimetallic NiCu-based catalysts for the WGS 
reaction via redox exsolution. A family of La1–xSrxTi1–yMyO3+δ perovskites will be synthesized using the 
sol-gel method, to achieve specific surface areas of approximately 20-40 m2/g. Ni and Cu will be 
incorporated as B-site (Ti) dopants to generate metallic (Ni) and/or bimetallic (NiCu) NPs with different 
Ni/Cu ratios. Catalyst reduction will be initially carried out at 700 °C under H2 to perform exsolution. The 

morphology of the exsolved NPs will be characterised by electron microscopy and spectroscopy 
techniques to understand the relationship between reduction temperature, NP size, and electronic 
state. Both fresh and exsolved materials will then be tested for the WGS reaction in the 100-600 °C 
range. Once the optimal Ni/Cu ratio is identified, exsolution will be performed on the selected catalyst 
at different times and temperatures to evaluate the effect of NP morphology on the catalytic activity. 
Additionally, the regeneration properties of the catalyst will be evaluated by reduction/oxidation cycles. 
Finally, the evolution and stability of the exsolved bimetallic NPs will be examined using microscopy 

techniques. 

Strong consideration will be given to motivated candidates who are interested in pursuing a PhD. 

 
3. Techniques ou méthodes utilisées / Specific techniques or methods 

- Synthesis of perovskites by sol-gel method. 

- XRD, N2 sorption analyses, H2-TPR, electron microscopy (SEM and TEM), XPS. 

- Tests on catalytic bench 

- Data analysis 
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