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Background

Dry reforming of methane (DRM) is a promising route for converting two greenhouse gases,
CO, and CH,, into syngas, a key feedstock for chemicals and fuels. However, practical DRM
catalysts are still limited by carbon deposition and metal sintering at high temperatures. Nickel-
and cobalt-based catalysts are attractive alternatives to noble metals, but conventional
nanoparticle systems contain diverse active sites, making it difficult to identify the structural
features responsible for activity, selectivity, and stability.

Single-atom catalysis offers a way to design well-defined active centers and study metal-
support interactions with atomic precision. Yet the role of coordination environment, zeolite
confinement and possible Ni-Co cooperation in DRM remains poorly understood. Systematic
studies of bimetallic single-atom sites confined in zeolites are still lacking.

This project addresses this gap by comparing Ni, Co and NiCo single-atom catalysts anchored
in two zeolites with the same MFI framework but different properties: all-silica Silicalite-1 and
Al-containing ZSM-5. This strategy allows acidity and confinement effects to be separated
while preserving structural comparability. Catalytic tests combined with operando
XANES/EXAFS and DRIFTS spectroscopy will reveal how atomic-scale site structure controls
activity, H, and CO selectivity, and resistance to deactivation. The results will provide design
principles for efficient zeolite-based catalysts for CO, utilization.

Goal

The aim of the project is to understand how single nickel and cobalt atoms embedded in zeolite
pores influence the activity, selectivity and stability of catalysts in dry reforming of methane
(DRM). The project will determine whether Ni-Co systems can act synergistically and what
geometric environment promotes the design of more efficient catalysts resistant to carbon
deposition.

Requirements for applicants

Eligibility for admission to a Warsaw-4-PhD School

Basic knowledge of heterogeneous catalysis and/or zeolite, porous materials or inorganic
materials chemistry.

Practical lab skills in wet chemistry and the ability to work safely with acids/bases and high-
temperature treatments (calcination, reduction).

Readiness to operate and learn continuous-flow catalytic reactors, reactor effluent analytics,
and analysis of conversions/selectivities/mass balances.

High attention to experimental documentation, sample traceability, and reproducibility.

Ability to work independently and as part of a team



Proficiency in English (written and spoken).

Additional assets:

Experience with catalyst or porous material characterization techniques such as XRPD, N,
physisorption, TGA/TPO, TPR, FTIR or XPS.

Experience, or strong willingness to learn advanced techniques such as SEM, operando and
XANES/EXAFS.

Previous experience with catalytic testing, gas chromatography, data processing or scientific
programming will be considered an advantage.

Readiness to participate in synchrotron-based and/or operando spectroscopic experiments.

Scholarship/PhD student remuneration from grants
6500 PLN gross



