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Abstract

The urgent need to mitigate rising global COy emissions demands the development of effi-
cient carbon capture technologies. This study addresses the persistent challenge of sintering-
induced performance degradation in CaO-based sorbents during high-temperature COz
capture. A novel solvent/nonsolvent synthetic strategy to fabricate CaO/ CaAl-layered dou-
ble oxide (LDO) composites was developed, where CaAl-LDO serves as a nanostructural
stabilizer. The CaA-LDO precursor enables atomic-level dispersion of components, which
upon calcination forms a CaipAl14Os3 “rigid scaffold” that spatially confines CaO nanopar-
ticles and effectively mitigates sintering. Thermogravimetric analysis results demonstrate
exceptional cyclic stability; the composite achieves an initial CO, uptake of 14.5 mmol/g
(81.5% of theoretical capacity) and retains 87% of its capacity after 30 cycles. This per-
formance significantly outperforms pure CaO and CaO/MgAI-LDO composites. Physic-
ochemical characterization confirms that structural confinement preserves mesoporous
channels, ensuring efficient CO; diffusion. This work establishes a scalable, instrumentally
simple route to high-performance sorbents, offering an efficient solution for carbon capture
in energy-intensive industries such as power generation and steel manufacturing.
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1. Introduction

The global challenge of CO; emissions has reached critical severity. According to the
Intergovernmental Panel on Climate Change (IPCC), atmospheric CO; concentrations in
2024 surged at an unprecedented rate, nearly doubling the threshold set by international
climate agreements. The continuously rising concentration has led to global warming,
frequent extreme weather events, and intensified ocean acidification. The resulting El Nifio
phenomenon has further weakened the carbon sink capacity. Despite progress in energy
transition and carbon mitigation efforts, fossil fuels remain the dominant contributors to
global emissions, with energy-intensive sectors like steel and cement production being
under mounting decarbonization pressure. While renewable energy deployment has ex-
panded, persistent technological limitations in energy storage and carbon cycle efficiency
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