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Thermodynamic and Microstructural Investigation of Calcium Aluminate Cement–Reactive MgO Blends under Different Curing Regimes
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Abstract Body: Calcium aluminate cement (CAC) has attracted increasing attention as a sustainable alternative to ordinary Portland cement (OPC) due to its rapid hardening, high early-age strength, and superior refractory performance. In parallel, reactive magnesium oxide (MgO) has emerged as a promising low-carbon binder owing to its lower calcination temperature and reduced energy demand compared to OPC production. Nevertheless, CAC systems remain susceptible to long-term strength reductions associated with conversion reactions, where metastable hydrates transform into stable phases with increased porosity. The incorporation of reactive MgO may help mitigate these conversion processes while also improving the sustainability of CAC-based binders.This study investigates the influence of reactive MgO incorporation on the mechanical, physical, and microstructural performance of CAC–MgO blended systems under different curing temperatures. Binder compositions containing 25%, 50%, and 75% MgO replacement levels were prepared and cured at 5, 25, and 45 °C to evaluate the temperature-dependent hydration and conversion behavior of the system. Mechanical performance was assessed at 3 and 28 days, while the evolution of hydration products and reaction kinetics was characterized using X-ray diffraction (XRD) and isothermal calorimetry. Particular emphasis was placed on understanding the thermodynamic behavior of CAC–MgO systems and the role of MgO in modifying hydrate assemblages and suppressing conversion-related phase transformations. The findings are expected to provide insights into the development of CAC–MgO binders with improved dimensional stability, long-term durability, and reduced environmental impact. The proposed approach contributes to ongoing efforts toward designing low-carbon cementitious materials capable of combining rapid strength development with enhanced long-term performance.
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