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ABSTRACT
Concrete is the second most used substance by humanity, after water. Its production relies on Portland cement (PC), which contributes about 8% of global anthropogenic CO₂ emissions.1 Most of these emissions come from clinker, formed by the thermal decomposition of limestone: CaCO₃(s) → CaO(s) + CO₂(g) (T ≈ 1450 °C), releasing 0.8 tons of CO₂ per ton of clinker. A promising approach to reduce cement’s carbon footprint is partially replacing clinker with supplementary cementitious materials (SCMs). Among these, calcined clays are particularly attractive, and cements containing them are already produced and used in some countries.2
Considering that concrete hardening is driven by the hydration reactions of clinker in the presence of aggregates, studying the interactions at the water/calcined clay interface is essential to understand the hardening process of this type of low-carbon concrete. One particularly relevant interaction is the electrostatic interaction between clay particles and the ions present in water. Indeed, the hydration water in concrete has a high pH, meaning that the silanol (Si–OH) and aluminol (Al–OH) groups on the surface of calcined clay particles can become deprotonated. As a result, the particles carry a negative surface charge, which is balanced by cations present in the water.
In this contribution, a XPS study of the water/calcined clay interface is presented. To preserve the water/solid interface under ultrahigh vacuum conditions, we performed cryo-XPS experiments, in which the interface was rapidly frozen to prevent water crystallization and maintained in this state throughout the measurement process. We show that the results cannot be interpreted using simple methods based on the relative sensitivity factors (RSFs) of the analyzed core levels. Instead, we simulated the peak areas using SESSA software3 with relatively simple models, given the complexity of the interface. Model optimization allowed us to calculate the surface charge density of the particles at different pH values, which agreed well with alternative measurements of the same parameter obtained by potentiometric titration. We thus demonstrate that the methodology developed—combining cryo-XPS experiments with SESSA simulations—is a more powerful approach than previous studies of inorganic water/solid interfaces using RSF-based cryo-XPS analysis.4 
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