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Mineral carbonation of alkaline waste offers a complementary route to CO₂ emission reduction in waste 
management, as suitable mineral residues are generated continuously, and existing treatment processes can be 
extended with CO₂ binding. This thesis systematically investigates the CO₂ sequestration potential of sewage 
sludge ash, municipal solid waste incineration ash, and red mud under standardized laboratory conditions. 
CO₂ sequestration by mineral carbonation is based on natural geochemical weathering reactions (Seifritz, 1990). 
Atmospheric CO₂ reacts with alkaline phases in silicate rocks, especially with oxides and hydroxides of calcium 
and magnesium. This produces stable carbonates such as calcium carbonate (CaCO3) and magnesium carbonate 
(MgCO3) (Lackner et al., 1995). This process is thermodynamically favored and leads to a chemically permanent 
binding of CO₂ (Seifritz, 1990). Carbonation is a slow process under natural conditions, which can be 
accelerated technically for practical application by specifically bringing suitable materials into contact with CO₂ 
under controlled conditions (Lackner et al., 1995).

Technically accelerated carbonation processes prefer to use mineral raw materials or waste with high 
proportions of CaO and MgO (S.-Y. Pan et al., 2020). However, the use of primary silicates such as Serpentinite 
(Mg3Si2O5(OH)4), Olivine (Mg2SiO4) or Wollastonite (CaSiO3) is often associated with high costs, additional 
energy expenditure and potential conflicts of use (O'Connor et al., 2005). Against this background, alkaline 
residues from industrial and waste management processes come into focus, as they remain as residues of waste 
management processes, generally have a high CO₂ sequestration potential and usually do not require energy-
intensive degradation or digestion (Khaitan et al., 2009; Nam et al., 2012; Smol et al., 2020). At the same time, 
their treatment allows to combine CO₂ sequestration with the treatment and stabilization of waste materials. In 
addition to quantitative CO₂ uptake, carbonation causes relevant changes at the material level, such as a lowering 
of the pH value and the reduced solubility of heavy metals, thus contributing to chemical stabilization 
(Bonenfant et al., 2008; Khaitan et al., 2009). In addition, the microstructure becomes denser, which often 
improves the material properties for other applications (e.g. as a secondary raw material in building materials 
products) (De Silva et al., 2006).

In this work three residues relevant for waste management were investigated on their CO2 sequestration 
potential: sewage sludge ash from the thermal treatment of sewage sludge, bottom ash from waste incineration 
(MSWI bottom ash) and red mud from the aluminium industry. Sewage sludge ash and MSWI bottom ash are 
continuously produced in Austria (BMLUK, 2025) and are important for a national view of CO₂ sequestration, 
while red mud is a globally important alkaline waste stream (Schäfer, 2010). The efficiency of CO₂ sequestration 
of these materials is largely determined by material- and process-dependent properties, including chemical 
composition, grain size, pH, reaction conditions, and the availability of reactive phases (De Silva et al., 2006; 
Polettini et al., 2016; Possan et al., 2017; Siriwardena & Peethamparan, 2015; Stöllner, 2015).

Carbonation experiments were conducted in two systems: closed OxiTop reactors (≈ 2.4 L), flushed once 
with 100 vol-% CO₂ for 1.5 min and operated at 20 °C, and column tests with continuous CO₂ supply (100 vol-
%, 5 ml/min, humidified) over 24 h or 48 h at 20 °C. Samples were adjusted to 50 g wet mass at varying L/S 
ratios and comprehensively characterized (pH, conductivity, loss on ignition, C/N analysis, hXRF, FTIR). 
Results reveal pronounced material-dependent differences in CO₂ sequestration. Red mud exhibits a theoretical 
Cpot of ≈ 86 kg CO₂/t, of which on average ~40% was achieved experimentally. Municipal solid waste 
incineration ash shows the highest Cpot at ≈ 257 kg CO₂/t with mean efficiencies of ~50%. Sewage sludge ashes 
reach efficiencies up to ~35% at a Cpot of 123.20 kg CO₂/t. Complementary pH measurements indicate a 
marked reduction in alkalinity, particularly for MSWI grate ash (mean ΔpH −2.6) and sewage sludge ash (mean 
ΔpH −2.4). A key outcome is a multivariate FTIR-based prediction model that estimates CaCO₃, kg CO₂/t, and 
calcium with high accuracy (R² ≈ 99%). Overall, the work demonstrates that direct carbonation is technically 
feasible and can deliver a measurable, albeit limited, contribution to CO₂ mitigation within integrated waste 
management.
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