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Rhenium Sulfide - Based Catalysts for Sustainable Bioethanol Valorization

Catalyseurs à base de sulfure de rhénium pour la valorisation durable du bioéthanol

Background and Scientific Context: 
The transition from fossil-based feedstocks to renewable carbon platforms is a central objective of green chemistry. Bioethanol, widely available from biomass fermentation, is an attractive renewable intermediate for the production of platform chemicals and fuels. Non-oxidative ethanol dehydrogenation (EDH) to acetaldehyde (AA) represents a highly atom-economical route, producing valuable hydrogen as a co-product. However, state-of-the-art Cu-based catalysts suffer from thermal instability and strong sensitivity to sulfur impurities frequently present in bioethanol.
This project proposes the development of rhenium sulfide (ReS2) -based catalysts as robust and sulfur-tolerant alternatives. Transition metal sulfides provide intrinsically stable edge sites that are resistant to sintering and sulfur poisoning. Our preliminary results indicate that ReS2 exhibits high activity and selectivity for non-oxidative EDH. Beyond acetaldehyde production, ReS2 may serve as a key upstream catalyst in cascade systems converting ethanol into higher-value chemicals such as n-butanol, 1,3-butadiene, and C4+ oxygenates.
Objectives of the PhD Project:
The main goal is to establish ReS2-based catalysts as efficient and stable platforms for bioethanol valorisation. The specific objectives are:
- Optimize the intrinsic activity and selectivity of ReS2 catalysts for non-oxidative EDH.
- Elucidate the structure-activity relationships of sulfide active sites using advanced characterization and operando spectroscopy.
- Develop bifunctional composite catalysts (mechanical mixtures, tandem beds, core-shell architectures) enabling cascade transformations of ethanol-derived acetaldehyde toward C4+ products.
Methodology and Work Plan:
Work Package 1 (Months 1–12): Catalyst Design and EDH Optimization. ReS2 will be synthesized on carbon supports, including nitrogen-doped mesoporous carbons. Promoters such as Co, Ni, or alkali metals will be introduced to tune hydrogen binding and surface acidity. Catalysts will be characterized by XRD, XPS, STEM-HAADF, chemisorption, and operando XAS. EDH performance will be evaluated between 250–350 °C under 1–50 bar. Stability and sulfur tolerance will be benchmarked against Cu-based systems.
[image: ]Work Package 2 (Months 13–24): Development of Bifunctional Systems. ReS2 will be combined with basic or amphoteric oxides and zeolites to promote C–C coupling and cascade reactions. Mechanical mixtures and dual-bed configurations will be tested for Guerbet coupling (ethanol to n-butanol) and Lebedev-type conversion to 1,3-butadiene. Kinetic studies and in situ spectroscopies (DRIFTS, Raman) will be performed to identify reaction pathways and optimize acid–base balance.
Work Package 3 (Months 25–36): Integrated Cascade and Core-Shell Architectures. Core-shell systems and spatially separated tandem catalysts will be engineered to control selectivity and suppress undesired dehydration. Operando XAS and complementary spectroscopies will correlate active-site structure with product distribution. The most promising systems will be evaluated for long-term stability and selectivity toward C4+ oxygenates and aromatics.

Expected Impact:
This project aims to demonstrate that ReS2-based catalysts provide a sulfur-tolerant and stable alternative to conventional copper systems for ethanol dehydrogenation. By integrating EDH with condensation and hydrogenation catalysts in modular cascade configurations, the work will establish a non-oxidative route for upgrading bioethanol into higher-value chemicals and fuels. The approach reduces reliance on oxidants, valorizes the hydrogen co-product, and enables the use of less purified bioethanol streams, thereby improving the economic and environmental performance of biorefinery processes.

Administrative Information
Starting: October 2026 
Duration: 36 months
Location: Institut de Recherches sur la Catalyse et l'Environnement de Lyon, UMR 5256 CNRS & Université Claude Bernard Lyon 1, (University of Lyon 1), France
Desired profile: Master degree, specialized in catalysis and/or physical chemistry
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