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Kinetic modelling tools for the circular carbon economy: from hydrogen production to carbon materials
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Hydrogen (H₂) is a key energy carrier for sustainable development. Pyrolysis of fossil and biogenic hydrocarbons offers a promising short- to mid-term more sustainable alternative to conventional processes (e.g., steam methane reforming) to produce both hydrogen and valuable carbon materials [1]. In the various reactor technologies under investigation, the decomposition of hydrocarbons is governed by similar chemical kinetics, encompassing gas-phase reactions, aromatic growth, nanoparticle nucleation, and pyrocarbon deposition on surfaces [2], leading to carbon materials with different properties and potential for a wide range of applications (Figure 1). A robust chemical kinetic model preliminary to computational fluid dynamics simulations can serve as a pivotal tool in guiding reactor design to control energy efficiency and product quality.
This work presents the research efforts of CRECK modelling group to build a robust kinetic modelling framework for hydrogen production and carbon materials formation from hydrocarbon pyrolysis (e.g., biomass, plastic waste, fossil fuels) focusing on methane pyrolysis as case of application. The model is built in a modular and hierarchical structure and is refined through iterative validation with ideal reactor experiments. A novel approach is presented for the modelling of aromatics growth, where reaction rate constants are updated from theoretical calculations and simplified, while consistency among similar species is ensured through automated functional group identification. The solid carbon formation and deposition model was instead improved to include morphological properties of the pyrocarbon, including for instance different aggregation levels in nanoparticles, defect formation in the deposited carbon (e.g., curved zones), and carbon deposition on nanotube walls. Successful applications of the model feature carbon deposition rate from methane pyrolysis in flow reactors, carbon quality of disc brakes reinforced through chemical vapor infiltration, and carbon nanotubes growth rate and purity levels from floating catalyst chemical vapor deposition.
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Figure 1: schematic view of pyrocarbon deposition from methane pyrolysis and examples of the type of materials obtained. 
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