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Abstract Liquid metal catalytic pyrolysis of methane is an emerging technology for the efficient production of
hydrogen without CO, emissions. In this paper, a numerical model for catalytic methane pyrolysis within a liquid
metal cracking reactor was introduced. Experimental data from our in-house liquid metal hydrogen production
platform align closely with the model’s predictions, which demonstrated a strong correlation between experimental
findings and model outcomes. The model was constructed by integrating the catalytic thermal decomposition of
methane at the gas-liquid interface, the non-catalytic pyrolysis processes within bubbles, and the fluid dynamics
during bubble ascent. This framework harmoniously combines the kinetics of catalytic and non-catalytic reactions
with fluid dynamics. Our approach utilizes parameters such as gas volumetric, flow rate, pressure, gas composition
temperature and the inherent properties of the liquid metal (density, viscosity, and surface tension) to forecast both
bubble dimensions and gas content within the melt. The model accurately predicted the methane conversion under
different temperatures, methane flow rates, and liquid metal heights during the catalytic methane pyrolysis
experiment using liquid copper-bismuth alloy (Cu, ,Bi,s;). In addition, the gas holdup, superficial gas velocity, and
pressure distribution along the height of the liquid metal during the catalytic methane pyrolysis process were obtained.
Closely matching experimental data with model predictions provides compelling evidence of the model’s robustness

and reliability. The proposed model would be useful for reactor optimization and high hydrogen scale-up.
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Scheme 1 Simplified graphical representation of the liquid metal bubbling reactor
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Scheme 2 Simplified graphical representation of bubbling reactor system
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Fig. 1 Methane conversion vs. methane flow rate at various heights of 20 cm(A), 35 cm(B) and

50 cm(C) in a reactor loaded with liquid Cu, ,;Bi, s,
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Fig.2 Methane consumption rate vs. methane partial Fig. 3 Arrhenius plot for the decomposition of
pressure of methane pyrolysis at 1000 °C methane in 20 cm Cu, Bi, ;; melt
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Fig. 6 Comparison of methane conversion between model predictions and experimental results at
different temperatures and flow rates
(A) Melt height: 20 cm; (B) melt height: 35 cm; (C) melt height: 50 cm. Markers represent experimental

results, and lines represent model predictions.
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