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Design of a Microfluidic Reactor for the Synthesis of Nanoscale High Entropy Alloys

Background & Challenges: High Entropy Alloys (HEAs) are a unique class of metal alloys composed of five or
more elements in nearly equimolar ratios. These alloys exhibit remarkable properties across various domains.
Recently, attention has shifted towards nanoscale HEAs (nano-HEAs), which show promising structural and
chemical properties for catalytic applications [1, 2]. However, the synthesis of nano-HEAs is challenging and
demands advanced characterization techniques to accurately measure their composition and configuration.

Objectives: A research team led by Dr. Axel Wilson at the LRS has initiated a pioneering project aimed at
leveraging recent advances in the catalytic properties of nano-HEAs. This internship will involve the following
key objectives:
1. Development of a Continuous Flow Synthesis Method: Design and optimize a microfluidic reactor for
the continuous production of nano-HEAs.
2. Characterization of Nano-HEAs: Employ multiple experimental techniques to analyse the chemical
composition, configuration, morphology, and structure of the synthesized nano-HEAs.
3. Evaluation of Catalytic Performance: Test the catalytic performance of nano-HEAs using a model
reaction, specifically the methanation of CO,, a key process in Power-to-Gas technology.

Technical Details: The continuous flow synthesis will be carried out using micro-reactors, which are
microfluidic devices that mix reactants at high temperatures in a controlled flow. This method offers several
advantages over traditional batch reactors, including scalability, larger surface-to-volume ratios, and
enhanced heat transfer. The continuous flow setup also ensures reproducible production by maintaining
precise control over synthetic conditions and minimizing operator influence.
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Figure 1. A: microfluidic flow reactor designed for the synthesis of CsPbls nano-crystals (from [3]). B: 4 nm
Co-Fe-Pt-Ni-Ru nano-HEAs synthesised at LRS in July 2024 deposited onto a silica powder. The arrows are
pointing towards the nanoparticles which catalytic properties will be tested during the internship.

The synthesized nano-HEAs will be characterized to establish correlations between their properties and
catalytic performance, with the ultimate goal of optimizing these catalysts for improved activity and stability.
This will be carried out using transmission electron microscopy (TEM) and X-ray diffraction (XRD). In the
context of heterogeneous solid/gas catalysis, the candidate will focus on the catalytic methanation of CO,, a
reaction that converts CO; and H, into methane. This reaction is central to Power-to-Gas technology, which
facilitates long-term storage solutions for hydrogen [4].

Candidate Profile: We seek a motivated candidate with a strong interest in laboratory experiments,
specifically in the development and optimization of bench-top microfluidic reactors. The candidate will
collaborate with a team conducting TEM, XRD measurements, and catalytic tests using a new micro-gas
chromatograph. Additionally, training will be provided in rapid prototyping, including the design and 3D
printing of functional parts. For applications, please contact Dr. Axel Wilson (axel.wilson@sorbonne-
universite.fr). If you encounter any issues accessing the references below, feel free to reach out.
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